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ABSTRACT 


This report presents an assessment of materials compatibility data for 
hydrazine monopropellant propulsion systems applicable to the Space Shuttle 
vehicle missions. Materials were evaluated for application over a 10-yr/ 

100 -mission operational lifetime with minimum refurbishment. 

A general materials compatibility rating for a broad range of materials 
and several propellants based primarily On static liquid propellant immersion 
testing and an in-depth evaluation of hydrazine decomposition as a function 
of purity, temperature, material, surface conditions, etc. , are presented. 

The most promising polymeric material candidates for propellant dia- 
phragms and seals appear to have little effect on increasing hydrazine decom- 
position rates, but the materials themselves do undergo chahges in physical 
properties which can affect their 10-yr performance in multicycle applications. 
The available data on these physical properties Of elastomeric materials Such 
as EPT-10 and AF-E-332 as affected by exposure to hydrazine or related 
environments is presented. 

The data in this report provides a basis for the preliminary selection 
of propulsion system materials. The results of system and component long- 
term compatibility studies currently being conducted by the Air Force, 
Martin-Marietta, JPL, and others plus the completion of studies recom- 
mended in this report will C-nable the prediction of the 10-yr multicycle per- 
formance of the selected materials. 
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I. INTRODUCTION 


The objective o£ this report is to summarize and assess the existing 
information and data on materials compatibility with hydrazine monopropel- 
lant as applied to the requirements of Space Shuttle vehicle auxiliary propul- 
sion systems. It is expected that these systems will be capable of 10-yr/l00- 
mission operational lifetimes with minimum refurbishment. Allowing for 
qualification and checkout procedures, a lO-yr/lOOO total cycle lifetime was 
fixed as the performance requirement for this study. It was assumed that 
the temperatures of interest would span the normal liquid range of hydrazine 
(+2 to +110 6 C). 

The sources of information for this study included recently published 
reports (Refs. 1*- 5), parts of Which are included here as appendices,. plus 
contacts With agencies currently engaged in hydrazine compatibility studies 
(Refs, 6-8) and a review of the work in progress at JPL. (Refs. 8-13), In 
much of the research on hydrazine compatibility the times of testing were 
two years or less and the tests were noncyclic or were limited to a few 
cycles (except in the ease of valve seals and seats). 

It appears that eyclv performance of metals does not pose a special 
design problem, but the lon e -term life and properties of polymeric materials 
used for bladders or diaphragms subject to 1000 operating cycles over a 
10-yr period are largely unknown. Therefore, recommendations for ah 
experimental program in this technical area have been formulated. 
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II. MATERIAL SELECTION AND RATING CRITERIA 


Compatibility of metallic and nonmetalllc materials with hydrazine is 
concerned with two principal phenomena: degradation of the material and 
decomposition of the hydrazine. Other effects such as catalyst bed poisoning, 
filter plugging, and propulsion performance degradation have not been exper- 
ienced as pacing or critical problems, 

A, Metallic Materials 

In the case of metals considered as candidate structural materials, the 
controlling degradation phenomenon has been hydrazine decomposition (Ref, 1). 
This is normally manifested as gas evolution with a consequent system pres- 
sure rise. In cases where metallic corrosion, pitting* or sludge formation 
were excessive, the system pressure rise usually exceeded acceptable limits 
first (Ref. 14). Furthermore, in most cases where hydrazine decomposition 
was significant, the decomposition rates appeared to be controlled by impur- 
ity catalyzed reactions traceable to insufficient propellant purity or to clean- 
ing and passivation techniques (Ref. 5). 

For structural applications in tanks, lines, and valVeS, the three 
major types of metallic materials selected have been the alloys of aluminum, 
titanium and stainless steels. All three have been or are currently specified 
in flight- rated hydrazine systems including those for the Viking Lander and 
Mariner Series Spacecraft (Refs, 8, 10, 11, and 15). The particular alloys 
selected and those for which there is the most complete compatibility data 
include the aluminum alloys 606l, 2014 and 2219, the titanium alloy 6A1-4V, 
and the Stainless steels 301, 304, and 3-21 (Appendix A). All of these alloys 
when tested by immersion in propellant grade hydrazine have exhibited much 
less than 1 mil/yr surface erosion. Data oh some of these materials (6061- 
T6A1, 2014-Al) is available for periods of 4 or more years; other tests are 
in progress (Refs, 6, 16) which Will provide immersion data for periods of 
up to 5 years and longer. Cryoform 301 stainless steel, which is a con- 
trolled- chemistry, Specially hardened form of SR 301, has proved very com- 
patible with hydrazine in tank storage testB (Ref. 6) and in fracture mech- 
anics tests at NASA -MSG. 

The long-term rates of decomposition of hydrazine in contact with 
metals is difficult to predict for many reasons, but the curves in Fig, i, 
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which presents data from three sources, indicate that storage In certain 
materials is feasible for a 10-yr period at temperatures below 50 9 G, It may 
be noted that Rocketdyne (Ro-f, 5 arid Appendix 0) and SRI (Rof, I?) conducted 
decomposition tests at elevated temperatures for times of less than 1 month 
ahd extrapolated the reaction rates to lower temperatures, whereas the JPL 
data point (Ref. 3) took 4 years to generate, This data demonstrates the 
high sensitivity of decomposition to storage temperatures (factor of 10 in 
20 ®C), Sensitivity to impurities and other controlling parameters arc dis- 
cussed in Appendix D and will also be considered herein subsequently. 

There is no data available indicating that those materials in contact 
with hydrazine are subject to stress corrosion cracking, intergranular cor- 
rosion, or shock sensitivity. Fracture mechanics data is currently being 
obtained on three alloys: titanium 6A1-4V (by Martin-Marietta), aluminum 
6061 -T6 (Boeing for JPL), and Stainless Cryoform 301 (NASA-MSC). Initial 
results indicate that no special problems exists for long-term stress or 
fatigue application of these metals. 

A detailed discussion of the compatibility rating of a broad range of 
metals under different conditions of propellant exposure is presented in 
Ref. 1. The "Hydrazine" section of that report is included herein as 
Appendix A. A further discussion of some of the conflicting compatibility 
results reported in Appendix A is presented in Section IV. 

B. Nonmetallic Materials 

The primary applications for nonmetallic materials in hydrazine pro- 
pellaht Syv ;ems are in expulsion systems as diaphragms or bladders and as 
valve seats or seals. Although Teflon seems to be one of the mere compat- 
ible materials for N^H^, it is very permeable to and therefore is not 

used as a diaphragm material but is used Satisfactorily in O rings. The 
types of elastomeric materials currently considered most suitable for hydra- 
zine storage are the EPR (ethyl ne propylene rubbers) and EPT (ethylene 
propylene tCrpolymer) compounds (Refs. 11, 13, and 15). The Summary of 
hydrazine compatibility data on these and other nOnmetallicS Is presented in 
Appendix A, which includes a discussion of the effects of various fillers 
used. The available physical property data on EPT-iu and Similar materials 
currently being evaluated at JPL as a diaphragm material is presented in 
Appendixes C artd D, 
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With regard to the use of elastomeric materials as a diaphragm 
material in contact with hydrazine over a period of 10 yr and subject to 
1000 Cycles, It 16 clear that available data has not established this capability 
for any Of the above candidate materials. Storage and system tests which 
are Currently being conducted are concerned with 1- or 2-yr missions and a 
limited number of cycles, 

Section II-B-2 of Appendix A reports a decomposition rate of 

0, 0038%/day (or 4% in 3 yr) in contact With EPR samples at 37. 8 # C (110°F), 
Lower values have been achieved by a passivation treatment consisting of a 
fairly long presoak in hydrazine. Quantitative data on real-time decompo- 
sition rates applicable to 10-yr operation is not available. 

In the Shuttle mission, however, pressure rise in a closed system 
over a 10-yr period or change in the hydrazine composition over a several 
year period may not be problems because the System will be used, drained, 
and refilled many times over the 10-yr period. Of greater cohcerrt will be 
the fatigue life or cycling performance of the tank diaphragm and possibly 
the effects of the permeability of hydrazine into the preSSurant gas system 
and components. Limited data is available on the effect of hydrazine contact 
and immersion on physical properties of elastomers such as elongation, 
permeability, tensile strength, modulus, compression set, stress relaxation, 
fatigue, creep, swelling, etc. More is needed, and recommendations in this 
area are discussed in Section VI. 

Elastomeric valve seat materials evaluated by TRW (Ref. 18) and JPL 
in multimilliott cycle tests have included several Teflon and Kel-F compos- 
ites and EPT compounds. Results have indicated that the TRW-developed 
EPT compound designated AF-E-102 is one of the most satisfactory for 
long-life valve seat application. 
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IH. PROPELLANT CHEMISTRY 


A, Research op Hydrazine Decomposition 

A major comprehensive investigation of the liquid phase thermal 
decomposition of hydrazine In reported in Ref, 5, A major portion of this 
report h£ia been reproduced afl Appendifc B herein for convenience. This 
report answers many questions concerning the relative effects on hydrazine 
decomposition of a large number of parameters. Testing was conducted in 
sealed Pyre* ampoules with an Internal volume of 1,0 ml filled with 0. 3 ml 
of liquid hydrazine. The amount of propeliaut decomposition was calculated 
by breaking the ampoules in a vacuum system and determining the amount of 
nitrogen and hydrogen present. 

The parameters investigated during this program as reported in Ref. 3 
(Appendix B) included the following: 

(1) Fluids: propellant grade hydrazine, three batches} purified 
hydrazine, two sources, 

(2) Temperatures; 9£>to246°C. 

(3) Times: 0. 3 to 600 h, 

(4) Pressure: vapor pressure to 413? kN/m (600 psi). 

(5) Ampoule cleaning and passivation. 

(6) Ullage volume. 

(7) Amount of glass surface. 

(8) Quartz vs Pyrex ampoules. 

(9) Metal surfaces: 321 SS, 304 SS, 316 SS, 34? SS, Nl, Fe, Al, 

Be, Hg, Chromel A, and copper. 

(10) Cleaning and passivation of metals. 

(11) Propellant Impurities: H z O, NH^ aniline, toluene, NH 4 C1, 

NaCl, Fe, carbazic acid, etc. 

(12) Propellant pretreatment and additives: acids, bases, resins, 
oxides, etc. 
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Because of the many combinations of parameters involved nod the 
constraints of the experimental techniques used, Caution must be used in vhe 
direct application of this Bocketdyne data to the design of a propulsion sy« - 
tom and to the prediction of its long-term performance, However, sc-erai 
Important conclusions applicable to system design may be drawn with regard 
to important parameters} and these are discussed below under appropriate 
headings, 

1, Time and temperature . Some 1000 separate experiments were 
conducted and several significant quantitative decomposition rate relation- 
ships were established with respect to time and temporature. However, the 
longest test time was 600 h and the lowest temperature employed was 95 ®C, 
with most data taken at 128 or 171 # C at times less than 200 h. The extrapo- 
lation of decomposition rate data to lower temperatures and longer times is 
shown as an Arrhenius plot in Fig. 6 of Appendix B, In terms of 10-yr 
decomposition and for temperatures between 2 and 110®C, the Rocketdyne 
data for SS 321 is plotted in Fig, 1 together with SRI (Ref. 17) and JPL (Ref. 

3) data for hydrazine In Pyrex ampoules. Although the Rocketdyne data 
demonstrates the sensitivity of decomposition rates to such parameters as 
impurities, Surface -tb -Volume ratios, and ullage volumes, consistent quan- 
titive relationships could not be defined. It is encouraging, therefore, that 
the comparison in Fig. 1 between 4-yr data in 40 cc of hydrazine compares 
favorably with 100-h data on 0. 3 cc of hydrazine. 

2, Propellant purity . The composition of propellant grade hydrazine 
is descibed by MIL-P-26536 C (Ref. 19) in terms of hydrazine, water, and 
particulate as follows: 

— 98% minimum by weight. 

H-,0 — 1. 5% maximum by weight. 

Particulate — Id mg/l (maximum). 

This specification does not define limits on Specific impurities which 
have been identified in propellant grade hydrazine (Ref. 5) Such as ammonia, 
aniline, toluene, irort, and carbazic acid (reaction product of N^Hj CO^), 
even though the impurities in the hydrazine (at the ppm level) or in the pro- 
pellant system hardware cause the compatibility problems. This specification 
is currently under review by the Air Force and is Subject to modification in 
accordance with user requirements. 
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ftockefdyne conducted teste with both- propellant-grade hydrazine and 
hydrazine purified by two techniques, In Pyrex, the high»tempe Mature sta- 
bility of hydrazine was Improved by purification approximately an order of 
magnitude. However, it is not clear from the Chemical analysis of the puri- 
fied hydra?, Inc (Appendix 0, Table 3) which critical impurities wore removed, 
Purified hydra?, ine still contained >0.2% H^O plus NH^, aniline, and toluene. 
Furthermore, the rate of purified hydrazine decomposition in contact with 
321 stainless steel (Appendix B, Fig, 8) aftor 100 h approached that for pro- 
pellant grado hydrazine, This may possibly be related to the Inching o r 
iron, chromium, and nickel into the purified hydrazine as demonstrated by 
immersion tests with radioactive 304 stainless steel (Fig. 2). In these foil 
immersion tests, the concentrations of radioactive Fe and Cr in the hydra- 
zine approached 40 ppm In 100 days. 

The Hocketdyne studies indicate the sensitivity of decomposition to Fe, 
but no quantitive relationship could be established, in view of the fact tha: 

Fe can be leached into from both Stainless steel and titanium alloys, 

the long-term advantage of using purified hydrazine to decrease decomposition 
may be negligible. 

The effects of specifically adding various amounts o. «t!_ uo.iia, water, 
aniline, and toluene to purified hydrazine were investigated ,*.nd the change in 
decomposition rate was recorded, but a consistent quantitative relationship 
could not be established. 

From the standpoint of long-term system operations, the possible 
contamination of the hydrazine or the propulsion system by salt (NaCI) or 
salt water is of interest, and ^ was investigated by Rocketdyne. They con- 
cluded that NaCI contamination in the amounts investigated Would not be 
detrimental. 

The effect of acidic Contamination, however, was critical, as shown 
by the addition of carbazic acid, HC1, and ammonium chloride. Because 
CO^ reacts rapidly With hydrazine to form carbazic acid, the carbazic add 
could come from the contact of hydrazine with air. It can be calculated, 
however, that hydrazine must Contact considerable amounts of air to accuhi*- 
ulate appreciable quantities Of carbazic acid because sea level air contains 
approximately only 315 ppm CO^. 
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The decomposition rate of purified hydrazine at 128*0 in Fyrex 
ampoules did nut >,* .aa&c with 0. 12% carbazic acid added, but in the pres* 
ence of 321 stainless steel the rate increased 1000 times. Similar effects 
were recorded for HCl and NHjCl additions. 

Although the range of conditions affecting hydrazine stability covered 
by Rocketdyne was large, many anomalous data points suggest that all critical 
parameters were not defined but only touched upon. This is suggested by 
several quotes from the report (Appendix B): 

(1) Page 67: "It is possible, of course, that the increase in rate 
which does occur results from impurities in the distilled water 
rather than from the water itself. " 

(2) Page 19: "The results of this investigation indicate that the 
thermal stability of propellant-grade hydrazine is determined by 
trace impurities which are present at concentrations near or 
below their detection limit. " 

(3) Page 33: "The average decomposition rate (for purified N^H^) in 
prepassivated ampoules was about 60 percent higher than in un- 
passivated ampoules --- propellant-grade hydrazine was em- 
ployed in tjie passivation process, arid is an indication that cer- 
tain trace impurities may be rate controlling. " 

Until further specific data is available, it should be concluded that 
material compatibility ratings are not improved by using purified hydrazine. 

B. Residue Formation 

Hydrazine in contact with various metals and nonmetals leaches out 
contaminants which potentially could cause the formation of filter or valve 
clogging material. An investigation of this problem is reported by TRW in 
Ref. 20. The propellant-grade hydrazine was analyzed for dissolved metal 
content, selected anions and nonvolatile residue. Metal content analysis 

indicated traces of Pe, Al, Ni, Mn, Co, Cr, Cu, and Zn present at levels 
below 20 ppm. 

It was established that Various forms of residue could be formed by 
the addition of sufficient metal Salts, but such high levels would only be 
experienced when other forms of degradation would be excessive, l. e. , 
decomposition or Corrosion. 
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Two Cases of filter and line clogging in Intelsat and Mariner hardware 
were investigated (Ref. 20), and the sources of contamination were traced to 
grease, oil, or elastomeric contamination in one case and, !n the second 
case, to trapped metal and metal oxides resulting from the valve fabrication 
process. 

It has been observed (at JPL) that when EPT-10 elastomer is immersed 
in hydrazine, some of the Silene D (precipitate silica) is leached out of the 
rubber and is visible as a white particulate matter floating on the liquid. As 
a result, a hydrazine presoak passivation treatment is now used on EPT-10 
in actual applications by Pressure Systems, Inc, , LoS Angeles, Calif. 

A potential source of catalyst bed poisoning appears to be the depositing 
out of Fe on the catalytic Surfaces during long periods of hydrazine flow. 

This effect was noted (reported verbally} by Boeing during studies with radio- 
active Fe ions in hydrazine. Apparently a monolayer of radioactive Fe was 
detected as a deposit on filter elements. A quantitative assessment of the 
seriousness of this phenomenon has yet to be determined. 

C. Galvanic Corrosion 

Metallic corrosion due to dissimilar metals in contact with hydrazine 
would appear to be a potential problem. JPL has bimetallic test coupon 
samples currently in long-term immersion tests in hydrazine at 43. 3°C 
(110°F). These specimens include such combinations as 347 SS/6061-T6 Al, 
347 SS/ 304 SS, 6A1 -4V-Ti/303 SS, and 606l-T6/6Al-4V-Ti. In system hard- 
ware tests in which an aluminum or titanium tank is in contact with stainless 
steel lines, no problem has been demonstrated. However, corrosion was 

found (by JPL) on an aluminum seal used in a stainless steel line fitting. 

/■> 

D. Adiabatic Compression 

The thermal Stability of hydrazine vapor compressed adlabatically 
such as might be experienced in suddenly pressurizing propellant lines of 
different materials was reported by Aerojet (Ref. 21). The experimental 
results indicated that hydrazine is sensitive to adiabatic compression to 
13. 79 MN/m^ (2000 psl) at initial temperatures between 93. 3 to 103. 3*C 
(200 to 218®F) in 304L, 316, 321 ahd 347 stainless steels, Hastelloy-x, and 
Haynes-25, at 54. 4‘C (130°F) in Inconel-x and 17-7PH, and below 37. 8 9 C 
(100*F) irt aluminum alloys. The interpretation of these results with 
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reference to a specific application must bo done cautioualy since other sys- 
tem factors would Influence the compression effects such as surfacc-to- 
volume ratiosi flow rates, heat transfer, etc, 


IV. CLEANING AND PASSIVATION 

Cleaning and passivation of materials and components for hydrazine 
use involves the removal of dirt, grease, scale and foreign matter from 
surfaces as well as the development of a passive surface which is least 
reactive with the liquid propellant. There are a variety of cleaning agents, 
solvents, and descaling processes which are called out in available JPL 
cleaning specifications such as GPM-20068-GEN-A (1963), GMZ-50521- 
GEN-A (1966), and FS-504574-A as well as various processes specified in 
documents prepared by each of several agencies and companies for their own 
use plus those prepared as ASTM standards (Ref. 22). 

A review of the literature arid conversations With people in various 
companies indicate that most cleaning processes are satisfactory when the 
cleaning is done as specified and the cleaning agents are completely removed 
and the parts dried adequately. However, there are several areas of special 
concern where problems have been encountered and may affect the prepara- 
tion of future specifications for cleaning, passivation, assembly, flushing, 
handling, storage and inspection. A potential problem has been noted in that 
buffed surfaces tend to trap Surface impurities by the flow of the ductile 
metal (smearing). 

A. Methanol Corrosion of Titanium 

A large body of data exists (Ref. 23, 24) on the attack of titanium by 
methanol under various conditions, Since methanol is such a common Sol- 
vent, care must be exercised to prevent its inadvertent contact with titanium 
during the life of the system, 

B. Freon as a System Contaminant 

Freon TF was used to rinse Pyrek capsuldB in which hydrazine immer- 
sion tests of titanium 6A1-4V specimens were conducted (Ref. 2). Residual 
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Freon reacted with the hydrazine, yielding N^H^HCl, which resulted in 
excessive decomposition and severe corrosion of the titanium. Sepa- 

rate previous tests of titanium in Freon TF alone and with added Cl indicated 
no reaction or stress corrosion cracking of the titanium specimens (Ref. 25). 

C. Effective Stainless Steel Passivation 

The effect of surface treatment of 34 1 SS on the decomposition rate of 
hydrazine at 128®C is reported in Table 10 of Appendix B, Reduced decom- 
position rates were achieved by a 24-h hydrazine passivation treatment. 
However, a further decrease in decomposition rate by a factor of 4 was 
achieved when the 347 SS specimens which had been tested by immersion at 
128*0 in hydrazine for 64 h Were cleaned and retested in hydrazine. 

In tests by the Air Force (Refs. 6, 26) with hydrazine storage tanks of 
various metals, the tanks of 17-7 PH and AM 350 stainless steels experienced 
same pressure rise during the initial portion of the test. However, the test 
program was interrupted after 10 months for facility modification, and when 
the same tanks were refilled With hydrazine and returned to test, the pres- 
sure rises were remarkably lower and all tanks appeared more compatible. 

Stainless steel is particularly Susceptible to attack by the carbazic 
acid formed by the reaction of CO^ with N^H^. Apparently if air contact can 
be avoided and adequate passivation achieved, then long-term storage of 
^H^ in contact with a number of stainless -steel alloys is feasible. Specifi- 
cations for "adequate passivation" have not yet been defined. 

D, Flushing and Empty System Storage 

This is also an area where adequate standards have not been established. 
Closed systems which have cohtained hydrazine (test tanks, etc.)- and have 
been subsequently drained and flushed with water and stored for some time 
have shown signs Of corrosion and release of ammonia (Refs. 9, 10). 

It is possible that- small amounts of residual hydrazine remaining after 
draining a System may decompose more readily ih excess amounts of water 
or moist air, yielding corrosive compounds including moist ammonia gas 
which attacks aluminum. 

Elastomers Such aS EPT-10 used as tank bladders or diaphragms ab- 
sorb hydrazlrte, Which then remains ir the EPT-10 after the system is 
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drained arid dried. Subsequent exposure of the EPT-10 to air has been 
found to cause the formation of carbazic acid on the rubber surface, 

E. Pretreatment ot EPT-10 Elastomer 

A presoak treatment of EFT- 10 has been developed and is now used by 
Pressure Systems Inc. , the EPT-10 vendor, to reduce the leaching of Silene 
D and sulphur from the EPT-10 into the hydrazine during use. The pretreat- 
ment includes a 168-h continuous soak in hydrazine followed by water and 
Basic H rinses and soaking in water and vacuum drying. 


V. CONCLUSIONS 

As a result of this study the following conclusions have been reached: 

(1) A number of commercial metal alloys of aluminum, titanium and 
stainless Steels can be used in hydrazine Systems for long-term 
storage and cyclic flow applications. 

(2) There is no indication from available published data that metals 
in contact with propellant-grade hydrazine are subject to stress 
corrosion cracking, intergranular corrosion, embrittlemeht, 
shock sensitivity, or Similar modes of degradation unless the 
hydrazine decomposition rate itself is excessive, 

(3) The optimum cleaning and Surfaci passivation techniques for 
long-life multiple-use systems have not been developed yet. 
Experience and isolated data indicate that hydrazine in contact 
with well-cleaned Stainless Steels develops increasingly passive 
surfaces. Even data on hydrazine in cohtact with, copper indi- 
cates a passive surface can be developed on this nominally ihcom 
patible metal. 

(4) Cleaning and passivation criteria Should be extended to include 
Control Of the hydrazine system environment all through its 
anticipated lifetime. Inadvertent exposure of hydrazine system 
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internal surfaces to halogsnated solvents, excessive air and 
moisture, etc, , should be provided for in appropriate specifica- 
tions, 

(5) Very limited data is available On the problem of valve perfor- 
mance degradation, filter- plugging, or catalyst bed poisoning 
over long lifetimes. Nearly all documented problems have been 
traced to gross contamination anomalies rather than the accumu- 
lation of trace contaminants in nominally compatible systems. 

(6) The most promising elastomers for use in contact with hydrazine 
as a propellant tank diaphragm material or in sealing applications 
are the EPR or EPT compounds. These have been judged satis- 
factory for 1- or 2-yr mission applications with limited cycling 
requirements. Their long-life cyclic performance ahd properties 
in contact with a hydrazine system environment have not been 
established. 


VI. RECOMMENDATIONS 

The following recommendations are made: 

(1) Continue the development of temperature -time decomposition 
rate data for candidate metals and elastomers over significant 
lengths Of time. Such data is currently being generated at JFL 
for some 400 metallic and nonmetallic specimens in hydrazine at 
temperatures of 4S. 3 and ?1 # C (110 and l60 6 F) including testing 
with purified hydrazine. 

(2) Establish the lohg-term physical property characteristics of 
candidate elastomeric materials such as EPT-10 and AF-E*332 
as applicable to multicycle use over a 10-yr period exposed to 
hydrazine, pressurants, Cleaning fluids, ahd storage environ- 
ments. the development of he elastomer '‘property surface'* 
which relates stress, strain, time, artd temperature provides a 
useful tool for predicting the creep, fatigue and stress relaxation 
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behavior of polymers. Using appropriate test techniques, a 
time compression factor can be established which for typical 
elastomers can provide a basis for predicting 10-yr fatigue per- 
formance from data gathered over a period of a few weeks. 
Additional properties required for elastomers in contact with 
hydrazine include strength, modulus, elongation, biaxial stress 
response, permeability, swelling, and compression set. The 
variation in these properties with time, temperature, presoak 
treatments, environment, and dimensions needs evaluation. 

(3) Develop and standardize suitable cleaning, passivation, inspec- 
tion, and storage process specifications. Some of these criteria 
are being evolved in the Mariner, Viking, and P-95 (Air Force) 
programs but do not take into account the cyclic and multimission 
requirements of the Shuttle vehicle. 

(4) Perform and analyze Storage and cycling tests of prototype sys- 
tems at elevated temperatures (50 to 100 °C) over significant time 
periods (2 yr or more) to evaluate engine performance, catalyst 
bed poisoning, valve leakage, filter plugging, diaphragm flex 
life, diaphragm permeability, etc. 
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APPENDIX A 

SUMMARY OF MATERIAL COMPATIBILITY WITH HYDRAZINE 


The material presented in this appendix is a partial reprinting of 
Martin-Marietta Report MCR-72-26, Martin-Marietta Corp, , Denver, Colo., 
Mar. 1972, 
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A. compatibility summary 

The compatibility of both metals end non-metals with neat Ngll^ la summarised 
In Tablo 1, os determined by interpreting available compatibility Information. 
Specific referoncea uaod In this determination or** l'.atod in tho table. Compati- 
bility of a materiel with was baaed on tho crltorla that tho material bo 

essentially unaffected by exposure (negligible corrosion for metals and 

negligible leas of physical properties for non-metals) and that It should not 
significantly affect tho rote of decomposition. Listing of a material In 
the table was based, In general, on the existence of specific compatibility 
data for that material with however, certain materials Were Included 
even though no euch date were available. A compatibility rating for such a case 
was determined by use of either compatibility data with a sister material 
(similar alloy) or a sister propellant (MMH or e hydrastne-blend fuel), in 
some instances, two compatibility ratings wars assigned to the same material 
due to conflicting data. Also, where compatibility was determined for a 
specific use, this is indicated in the remarks section of the tabic. 
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A. g S ummary Compatibility Chart 
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Hydraeins it a highly raacfcive and toxic propellant. It la considered 
thermodynamically unstable and dxlata in a atata Of continuous decomposition. 

Tha decompoaltlon rata la a function of both tamparatura and tha presence of 
a catalyat. At amblant tamparaturaa (ss70°F) and In tha abeanca of a cata- 
lyat, the average dacompoiltton rate of la minimal. The attack of 
storage materials la usually considered a problem only for non-metals since 

practically all metals show excellent corrosion resistance to neat N.H. . 

2 4 

However* NgH^ has become corrosive to metals when certain contaminants, such 
as COg and Clg have been added. Therefore, for long term storage of uncon- 
taminated NgH^, the major concern is the degree that the metal being considered 
accelerates the NgH^ decomposition rate. For long term storage with non-metals, 
both catalytic and material attack must be considered. 

1. Combat lb ill tv with Metals 

According to Ebeteteln and Glaesman the decomposition rate of tends 
to increase when the is ift contact With metals having Incomplete d-subshella 
(Ref 1). This la due to the relatively Weak nitrogen to nitrogen bond in the 
molecule. Ebersteln and Glaasman state that metals in the atomic number 
groups 24 to 29, 42 to 47, and 74 to 79 (transition metals with incomplete 
d-subshells) would act as catalysts for hydrazine decompoaltlon. Some metals 
which fall into this category are nickel, chromium, iron, molybdenum, copper, 
gold, platinum, silver and manganese. Aluminum, titanium, magnesium and zinc 
fall outside this group. From this, stainless steel would appear unacceptable 
for storage, while 6061 aluminum, 2219 aluminum, and 6A1-4V titanium 
would Seem acceptable. 

Teste conducted by Rocketdyne confirm the compatibility of NgH^ with 
high-purity aluminum but also indicate that some stainless steels might be 
compatible (Ref 2). The testing wss conducted st 338°f with liquid propellant- 
grsde 1ft eOfttsct with high-purity iron, nickel, end aluminum, end 304, 

316, 321, and 347 atalnleaa staals. All metal aurfacea were cleaned with 
concentrated ftitric acid prior to immersion in the Pyrex gleee containers. 
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Containers with no matal sample served as controls. Decomposition ratsa 
compered to those with glass were greater by about 200 times with nickel, 

130 times with 316 stainless steel, 100 times with iron, 40 times with 347 
stainless steel, but only 10 times with 304 and 321 stainless Steels. The 
decomposition vats with the aluminum was the same as the Control samples. 

Since these tests wave conducted at elevated temperature, the decomposition 
rates observed are considerably higher than would be expected under normal 
storage Conditions (fcs70°F)*. It would sssm, therefore, that 304 end 32l 
stainless steels might be candidates for long term storage of NjH^. 

Based on compatibility tests performed over the pest decade at Martin 
Marietta, Caudill and O'Brien (Ref 3 ) state that chaotically clean 304 end 
321 stainless steels are compatible with at temperatures below 120 °f. 
However, both also state that aluminum or titanium alloys are better storage 
materials since they exhibited compatibility even at 2?5°F. 

TRW and DMIC Issued survey reports on material compatibility which 
Included recommendations- for (Ref 4 and 5 ). Pot these reports, a 
metal was considered applicable for long term service with If it had a 
corrosion rate lasa then one mll/yr, would not promote decomposition, 
and was not considered shock sensitive when in contact with NjH^. Compatibility 
recommendations for long term storage with at temperatures below 75 6 F, 

are presented in Tables 2 and 3 . As can be seen by the recommendations, a 
great number Of stainless steels, as well ee such metals as gold, platinum, 
silver, nickel alloys and chromium, are considered compatible with This 

IS In direct opposition to the Eberateln and Classman theory of decomposi- 
tion since these metals fall into the atomic number groups considered to be 
catalytic. 


* Many compatibility evaluations ere conducted st elevated temperature* to 
accentuate the effects of reactions which may be occurring. This approach 
generally increases the reaction rates to provide comparative results In a 
shorter time, l.e., the relative degree to which various materials act ae 
catalysts for the propellant of interest la more readily Obtained. 
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Table 2 Metalfi Compatible With N 2 B 4 (Raf 4 ahd 5) 


These rankings are not completely consistent with Table 1, Appendix A 


Aluminum Alloys 

Stainless Steels 

Miscellaneous Metals 

1100 

410 

Chromel-A 

2014 

416 

Chromium Plating 

201? 

430 

Cold 

2024 

440C 

Has tel ley- c 

5003 

302 

Ineonel 

4043 

304 

Inconel- X 

5052 

316 

K-Mon*l 

5456 

317 

Monel 

6061 

321 

Ni chroma Br*2* 

6066 

347 

Platinum 

?16 

17-4 Pit 

Silver 

356 

17-7 ttt 

Silver Solder 

40fi 

Ml 350 

StelUte-21 


AM 335 

Tantalum 



Tin 



Titanium, 5A1-2. SSn 



Titanium, 6A1-4V 



Zirconium 

Table 3 

Metals Incompatible with 

(Ref 4 end 5 ) 

Cadmium 

Zinc 

iron* 

Cobalt 

Brass* 

Molybdenum* 

Lead 

Bronze* 

Mild steel* 

Magnesium 

Copper* 

6A1-4V Ti** 


’'The anthers stated that these metals wars considered unacceptable because their 
Oxides act as catalysts for decomposition of hydra sine at elevated temperatures. 

**feesed on one reference shoving excessive decomposition at 110°F with 50/50 
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6AI-4V titanium specimen gave a rata Only 1% times chat of the control sample. 
For cha 160*F teats, howevsr, tha AM-335 specimen had a gas avolutlon rate 17 
tlmaa tha control samples rata, tha 304 spedlmsn rata was SO elites greater than 
tha control sample rata, and tha 6AI-4V titanium specimen had cha asms gal 
evolution rate as that of the control sample. These data Indicate that tha 
catalytic affect on NjH 4 11 far greater with 304 end AM-355 stainless steels 
than it is with 6AI-4V titanium* In fact, the titanium material may exert 
no catalytic affect* 

Gold*, nickel, and 82/18 wt % gold/nlckel bracing alloy were found to be 
incompatible with in tests conducted at AFRPL (Ref 9 ). Samples of the 
materials were Immersed for Up to 24 hr In teat capsules filled with 
maintained at 140°F « Decomposition of the was determined by measuring 
the number Of moles of Nttj formed. The capsules containing the samples 
Showed excessive- NH^ production* Thus, these results are also In agreement 
with the theory of Sbsrateln and Classman. 

Although corrosion of materials is generally not considered’’ to be e- problem 
with N 2 H 4 storage, it has been found that contaminated with either c<> 2 or 
Cl 2 will corrode certain metals. TRW found that doped with C& 2 and HjO 

la corrosive to atalnleas steels (Ref 10). The tests consisted of using both 
artificially conditioned and normal hydrasine In contact with, various metal 
sampled to check compatibility. Two specimens of 60&1-T6 aluminum, 6A1-4V 
titanium, and 347 stainless steel were placed in contact with hydrazine condi- 
tioned with- approximately 1% NH 3 , 1% C<3 2 and 37. H 2 0. A third spaClmen of each 
material wai placed In contact with the reference hydrsslne. Half of each 
specimen was covered with liquid, and the other half was exposed to the vapor 
above tha liquid. Glass capsules were employed as test containers. All samples 
were thoroughly cleaned but not pssslvated prior to testing. The 34/ etelnless 
steel samples Were also honed with aluminum grit. The teats were conducted at 
120*F with temperature and pressure monitored at regular Intervals, Almost 
inmsdlately after test initiation, tha two 347 stainless samples showed signs 
of reactivity, and venting at regular intervals was required to protect tha 
capsules and pressure gages. 
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And- the hydrazine In contact with the nitrogen- carbon dioxide atmosphere. 

Ih addition to tho dulling of fittings and discoloration of cho hydrazine, the 
hydraeine (or hydrislns*water mix) became filled with gee bubble# which developed 
into a frothy ecum in come lnetencea. Since the cdrroilen of the fitting* and 
the decomposition of the NjH^ occurred In both the pure N^ll^ and the Njtl^ - 
mix sampled, the effect of in the corteelon process appears negligible. 
According to Rocket Research, C0 2 reacts rapidly with hydraeine to form car- 
baeic acid (HjNjCOjH) which in turn rdcetc with excesc N,H^ to form a salt 
which la soluble in hydraeine. It apparently is this salt 
which la responsible for tha stainless Steel corrosion. No corrosion was 
observed in the eemplee using the N 2 atmosphere only. 

In addition to N 2 H 4 contaminated with &> 2 being corrosive to stainless 
steels, SRI has found that N^ contaminated with Gl 2 la corrosive to titanium 
(Raf 12). Test capsules containing and 6A1-4V titanium test specimens, 
that had been in storage at JPL to determine the compatibility of various 
materials with Nglt^, were analysed for both- corrosion and propellant decomposi- 
tion. The storage temperature wee- U0 & f. Prior to storage initiation, the test 
capsules had been degreased Using Freon tF in accordance with J PL specification 
GMZ-50521-GfiN-A. Upon enelySiS- of tha teat capsule Contents, SRI found both 
excessive decomposition and- severe corrosion of the T1 specimens. A 
detailed analysis of the revealed large conCentratlone of bot'A chloride 
end carbon impurities. Also, the titanium specimens had chloride concentra- 
tion* 200 times greater than that found in virgin 6A1-4V titanium. The high 
chloride and carbon impurities led SftI to hypothesise that the deeomposition 
end corrosion was due to the- reaction of Njh^ with Freon TF. It was felt that 
the Freon TF had not been completely removed from the- test capsules before they 
were filled with To verify this hypothesis, they mixed and Freon TF 

and found that hydrazine monflhydrochloride (N^Htil) was formed. This salt will 
make N 2 R 4 acidic and corrosive to metals. SRi proposed the following reactions 
as the means for the creation of the N^tiCl Salt: 

(1) Oi?Cl 2 CClF 2 + 2N 2 tt 4 ■ 1 M 2 tt 4 MCl + CFHClCfiltfj + Nj + iNHj 

(2) CFCl 2 CClF 2 + 6H 2 H 4 . 2N 2 H 4 HCl + (JFH^ClFj +2N 2 + 4N« 3 

(3) GfCljOClFj + 6N 2 « 4 a . - *... ■» 3N 2 R 4 HCl + CFrtjCHPj + 2N^ + 2NHj 
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Ad the above reactions show, Nj anil Uttj production la a product Of the - 
Freon TP reaction Which explain* the obearvod NjH^ decomposition. Since SKI 
did not detect the products CFHClCCLFj, CFHjCClt'j, end Cl’HgtillPg but did find 
chloride and carbon concentrations In the capsules, It was felt that dome 
further reaction had also occurred. 

The results of the SRI analysis Indicate that the use of degreasing or 
cleaning solvents Containing Clg should be avoided as a means of cleaning 
metals prior to use with N^H^. Although only titanium specimens were analyzed, 
hydrazine containing NgH^tiCl would also be. corrosive to other storage metals 
such as aluminums and stainless steels. Therefore, chlorinated solvents, such 
as Freon TF, trlchlorethylene, methylene chloride, etc., should not be used 
with any metal (Al, Tl, stainless steels, etc.) slated for service with 
unless all traaes of these degreasing agents can be removed prior to use. 

Although both aluminum and titanium materials eeem, from the data presented 
so far, to be excellent storage materials for. NjH^, some evidence exists showing 
Certain aluminums and titaniums to be incompatible with hydrazine fuels. In 
a series of JFL tests analyzed by SRl, various- metals were tested for long 
term storage With (i^H^ and AetoZlne-50 (Ref 13 ), The tests were run at a 
constant temperature of li 6 d F for periods up to A years. For this study, a 
material was rated compatible if the fuel decomposition rate was no greater 
than the decomposition rate of the fuel alone (determined by control samples) 
and the corrosion rate of the metal sample was not greater than 3 u ln/yr. 

Prior to testing, the platinum, aluminum and titanium samples were subjected 
to a cleaning and pickling passivation process which consisted Of a detergent 
rinse followed by pickling in an aqueous solution of HF and HNO^. The samples 
were then dried with R 2> The tests were conducted in glass test capsules 
cleaned in accordance with JPL specification GM2- 50521 -Gfeh-A, Platinum and 
aluminum samples were tested In neat end 6A1-4V titanium was tested In 
AerOzlne-50. Based on the compatibility criteria employed, SRI Concluded 
from the teat results that platinum and 6061-T6 aluminum, were compatible 
With over the entire 4-yr test period while 356-T6 aluminum was rated 
compatible after one year but incompatible after twd yeere. Alec, 6A1-4V 
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titanium was rated incompatible with Aoroslne-50 after one year. There Was 
nn evidence nf cotroalvs attack on the apeclmene except for the occurrence 
of some draining. 

In evaluating thede reaulta, It id apparent that the criteria employed for 
assessing compatibility Is much more stringent than that employed In othor 
tnatolal compatibility studies. It appears that In many cases a material was 
rated as incompatible when only one of the samples tested had a higher final 
Capsule pressure than the control sample. When the average normalized final 
storage pressure at 110°F for the metal-contalnlng Camples Is compared to the 
corresponding pressure for th* control camples. It appears that none of the 
above materials should be rated incompatible with the test propellants for the 
stated time periods. 

In tests run at McDonnell, the compatibility of various metal tankage 
materials with at spacecraft sterilisation temperatures (2?3°F) was 
investigated (Ref 14). The SAl-aV titanium, 6061-T6 and llftO aluminums, and 
32l stainless steel test metals were fabricated Into capsules and tensile test 
specimens. The capsules were used- to hold, both the end the test specimens 
so that nb dissimilar materials would be lit contact with the during testing. 
Both capsule temperature and pressure were monitored during the teste. In 
addition to the above metals, eh A-?0 titanium bellows was also tested In a 
6AI-4V T1 Capsule. 

Each test article was Subjected to 6 cycles Of exposure at ?75°P. This 
consisted of 64 hours at 275°F followed by 8 hours for cooldown to ambient 
temperature and reheat to 2?5*F. Prior to testing, all specimens, capsules, 
and other hardware exposed to hydrazine wore passivated for 18 hours at 175°F 
In an aqueous hydrazine solution (l part and 3 parts H^O by volume). 

The test capsules Were then filled With hydrazine, the titanium bellows and 
the 6661-X6 aluminum specimens wars not introduced untli the second cycle. 

The hydrezino decomposition ratss were lowest for the titanium specimens. 

The decomposition rates with the 321 stainless steal specimens were about 
three times greater than those with titanium, while the aluminum samples 
produced decomposition rates about one order of magnitude higher then these 
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with titanium, while the aluminum simples produced decomposition te tea about 
one order u£ magnitude higher than thoae with titanium, in addition, the 
aluminum a ample a showed evidence of cor ro a ion, a white, powdery film was 
depoaltod on both aluminum apeelmeno and the 6061*1*6 aluminum Apeclmena woro 
slightly pitted. Itydroalne aamplos taken from both the aluminum eapaulea 
following the test contained email quantities of a white, gelatinous precipi- 
tate. The A-70 titanium bellows sample and the 6A1-4V titanium specimens 
were unaffected. 

Much of the results reported by both SRI and McDonnell (Ref 13 and 14) 
conflicts with th6 other reported date on the compatibility of titanium and 
aluminum alloys With hydrazine. In faat, the two sets of results tend to 
conflict with each other, SRI found 6061 aluminum to be compatible but 356 
aluminum to be Incompatible while 356 aluminum contains less alloying agents 
than 6061 Aluminum. On the other hand, McDonnell found 6061 aluminum to be 
incompatible. McDonnell also found corrosion of the aluminum samples, while 
SRI did not. The McDonnell tests were run at 275®R while the SRI analysed 
tests were run at llO°F. however, the ftoefcetdyne tests (Ref 2) run at 
338°F showed nO corrosion or excessive decomposition for the aluminum samples. 

In a recently completed program, fiattelie evaluated the effects of radia- 
tion Oh the compatibility of storage materials with hydrazine (Ref 15). Various 
specimens of 1100-0 end 608l fc T6 aluminum, 347 stainless steel, and 6A1-4V 
tltahium in contact with hydrazine were exposed to cobalt-60 g attune radiation. 

In one 'erles of tests, was stored In capsules made from the four metals 
tested. With no irradiation, the average rate of gas buildup over the 9-80-hr 
storage period was 5 x 10 , 6 x 10 , 6 x 10 , and 4 X 10 moles per gram 
of liquid pet hour for 1106-0 Al, 6061-T6 Ai, 347 S.S. and 6A1-4V Tl, respectively. 
When exposed to 0.52 megsrede/hr Over 200 Hr, the respective average rates in- 

* m m at y 

creased to 6,6 x 10 , 0.1 x 10 , 6.6 x 10 , Sttd 6.0 x 10"' moles per grdm of 

liquid per hour. Those resuits Indicate little difference between alloys but 
do show an increase In decomposition rate with irradiation. After completion 
Of the gas evolution studies, the interior surfaces were examined. Only very 
thin films were Observed by etACtron diffraction. 
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fhe data obtained in tho rifatoncod studies Indldate that the preferable 
materials for long term storage of hydraslne are 6A1-4V titanium and various 
alloy* o£ aluminum, the 306 aorletf etalnleae ateela are considerably Idea 
desirable and Iron, nickel, and gold Are Incompatible), These rosiilts are 
generally In agreement with the theory of Eberstolrt and oiaaanian on hydrsslno 
compatibility, Howovor , VSrtge haa proposed another theory on tho compatibility 
of motala with hydvaalno (Ref 16). He state* that the decomposition obaervod 
in compatibility testa Is due to tho presence of metal oxides or metal 

16ns In solution with tho propellant. He has £ound, for instance, that nolther 
pure molybdenum nor puto iron In their reduced state promote hydrazine decomposi- 
tion. Vangb further contends thst the observed promotion of decomposition 
by stainless steels Is probably due to the tenacious protective oxide coating 
formed during passivation with HNO^. 

It appears that some of the repotted data can be ekpialned by the vange 
theory while some of the data seems in opposition. Since the ftoeketdyne 
samples were cleaned with HNO^., the oxide layer On the Iron, nickel and stainless 
steeis COuId have caused hydraslne decomposition. However, aluminum oxide 
evidently does not promote decomposition since the aluminum was found to be 
compatible. Also, an oxide decomposition mechanism does not seem to explain 
the incompatibility of gold, observed by AFRPL, Since gold oxide Is difficult 
to form. 

In actuality, both the Vange theory and the Ebersteln and GlaaSman theory 
seem to apply. Both theories appear to compliment each other with the net 
result being that titanium and aluminum alloys exert the least, If any, catalytic 
effect In decomposing hydraslne. The stainless steels, while being more cata- 
lytic in decomposing hydraslne, might find limited application where needed, 
however, finally, metals such as iron, molybdenum, chromium, nickel, and gold 
are not desirable for long term storage with hydraslne and must be rated as 
incompatible. The results of the previously discussed studies also tend to 
support the following conclusions t 
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1) Xn preparing systems for long Cara storage of hydraainu, care must 
be taken to provide a truly clean ay it cm, Xn particular, the Intro- 
duction of contaminants by tha Cleaning process Itself muac be pre- 
cluded i 

2) Because contaminants aueh aa Clg, GO^, other compound!, or metal 
Iona appoar to promote hydraaino decomposition, a purified hydraalno 
may bo noooaaary far long term storage applications A wide 
variety Of eontaminanta could be preaent in BvopaUant-sreda 
hydraalnei 

3) Caro muat be taken to keop all hydraalno ayatema proaaurlaod with only 
an inert gas blanket to prevent the Introduction o l eontaminanta auclt 
aa €Og« 

2. Compatibility with Non-Metala 

According to reports written by DMXC, TRW, and AFRPL (Ref $, 4 and l?), 
only a few ndtt-metala ate considered suitable for Njfy applications. Von Doehren 
atatea that Teflon, Rel-F, and pmiyothylene are aultablo for general use with 
^ 2^4 l? )• DMIC sated Teflon, butyl rubbes Compound 805-70, Oraphltar 2 
and 50, and Deftlenlan as suitable Storage materials With below 140°P, while 
rating polyethylene, graphite, SBR rubber, eebeatoa, and Rel-F suitable below 
1 5°f (Ref 5 ). Non-metals such as nylon, Satan, Mylar, and natural rubber were 
rated aa unsuitable. DMtC baaed compatibility on the premise that a material 
would have a volume change leas than ±25%, would not change visually, and would 
not decompose the propellant In question. TRW rated Teflon, butyl rubber, 

Kel-F and fiPR (ethylene propylene rubber) as suitable materials for N„H. service 

b i 2 *♦ 

below 140 F (Ref A ). Polyethylene was rated suitable only for service below 
80 d P. If a non-metal gave satisfactory service for general use, It was 
considered compatible. These three reports baaed their ratings on available 
compatibility data, In the period 1964 to 1967. 

Although Teflon seems to be one of the better storage materials for N^, 

It la vary permeable to N^» According to O'Brien and Bolt (Ref is). Teflon 
la generally not used, to a large extent, aa a storage material In propellant 
management ayatema due to its High permeability with hydraalno type fuels. 
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O' Helen and Bolt both recommended either butyl rubber or EPR formulations 
es storage materials for and seated thee both of those materials give 
good results If properly manufactured, it should be noted that both NASA 
add JPL have mainly deed either butyl rubber or EPR on tholr miss Iona for 
hydraslno*typo fuel storage to date. This reliance on butyl rubbor and KPR 
as a storage material seems Justified, for at least NgH^ storage, by tests 
conducted at JPL (Ref 19 ), JPL ran both N^H^ permeability rate and N,lt^ 
decomposition rate tests on butyl rubber and EPR samples. The teats lasted 
up to one year at a test temperature of 110 & F. The butyl rubber showed 
permeability rates between 0 and 0.001 mg/ln.^/hr and a fuel decomposition rate 
of 0.1%/day, while the EUR samples showed permeability rates between 0.001 
and 0.4 mg/ln.*/ht and a maximum fuel decomposition rate of 0.003d7./day. 

compatibility test dsta seemingly disagreeing with the ratings glvsn 
by DM1C, TRW, and AFRPL have been reported by SRt (Ref 13 ). As part of the 
JPL long term storage tests reported on earlier under metals compatibility, 
various metal test bars costed with different non-metals wars stored In liquid 
NgH^ for periods up to 4 years. Test specimens included s poiytettafluoroethylene 
(PTFE) resin, Rulon, coated on a 6061-T6 aluminum test bar and EPft bonded on a 
6A1-4V titanium test bar. In addition, a sample of EPR alone was tested. The 
results were conflicting. Based on pressure rise data, SRI concluded that the 
metSl-EPR and metal- Rulon samples mere incompatible With NgH^. However, the 
EPR samples without a metal gave pressure rise rates which SRI felt made this 
sample compatible with N^. SRI sled reported that the EPR had unbonded from 
the 6A1-4V titanium but that its properties suffered little from the exposure 
to Because of these results, SRI felt that EPft was probably compatible 

with N^H^ but 0A1-4V Ti may not be. No good explanation cf why the Rulon 
coating exhibited Incompatibility was given; SRI postulated that impurities 
contained in the Rulon may have been responsible. 

More data oh the compatibility of ethylene-propylene elastomers (EPR rubbers) 
with N 2 ^ hav* been reported by both TRW end Aerospace Corporation (Ref 20 and 
21 ). Howell of TttW states that the compatibility Of EPR depends significantly 
upon the compounding variations used for each EPR formulation (Ref 20 ). 
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EPR compounds using catbon black as filler have significantly higher decomposi- 
tion rates than those using the silicate filler, Silane D. Also, butyl rubbers 
may not be as Compatible as acme of the other EPR formulations. Howell further 
states that the purity and exact quantity of ingredients as well as curing 
time And temperatures also significantly affect compatibility. Therefore, 
an EPR considered compatible with may be Incompatible unless stringent 

controls are maintained to see that no Variations in purity or composition 
or in curing time or temperature occur for the particular EPR being considered. 

EPR/^H, compatibility data presented by Aerospace Corporation seems to 
substantiate the data presented by Howell (Ref 21). in a series of tests, 
Aerospace measured both gee evaluation rates and property changes of various 
EPR formulations while immersed in 97% pure anhydrous MjH^ at 70°F. Their 
results indicate that EPR 132 is compatible with as long as no carbon 

black filler is used in its formulation. 

Further data On the compatibility of ethylene propylene elastomers with 
has been reported by ski, APCO, and Martin Marietta (Ref 22 thru 24). SRI 
analyzed a prototype spacecraft tank which had been subjected to Intermittent 
testing with and GN^ at temperatures and pressures up to 150°F and ISOO psl, 
respectively (Ref 22 ). A bonded EPR (Stillman Rubber Co., SR722-70) expulsion 
diaphragm was contained within the JPL test tank. One side of the diaphragm 
had been exposed to Gtig while the Other side had been exposed to during 

testing. Upon analysis of the diaphragm, SRI found: 

1) Materials had been leached out of the SR722-70 EPR material during 
hydrazine exposure. However, on the basis of an accelerated 24 hour 
decomposition teat, the leached out materials seemed to have no effect 
on decomposition; 

2) Embrittlement of the diaphragm material occurred; 

3) Me increase in permeability of the diaphragm material, due to 
exposure, Was found. 
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Accessory Products Company (APdO), conduct ad a compounding study to Improve 
both the compatibility and permeability of ethylene propylene copolymers (EPR) 
and terpolymers (EPT) with (Ref 23). fen compounds were formulated for the 
study. One was Simply EPR 132. Four others contained HAF carbon black as a 
filler while the Others used either IcecSp KE clay. Silerte 0, or e mixture of 
both as fillers. Curing agents- for the various formulations Included peroxide, 
resin, and sulfur. On the basis of meehanlcsl property tests conducted on the 
10 formulations, the non-carbon black fillers gave lower tensile Strengths. Also 
It was found that the terpolymer formulations gave greater hardness values then 
the copolymer formuatlons. 

Hydrazine immersion tests ware conducted at JPL, Compatibility was deter- 
mined on the basis of pressure rise (low decomposition). Test temperature 
was 12S°F. In addition to the 10 formulations, two additional commercial EPR 
(Parker E515-8 end Stillman SR722-70) and one commercial butyl (Fargo PR6-60-26) 
were also tested. After 60 days of testing, only four of test polymer containers 
had pressure increases below 30 pel. Those were the peroxide cured EPR compounds 
( A i? **25 psl) and the sulfur Cured EPT compound's ( A P»10 psl). These four 
formulatiohs contained no carbon black. All of the teats with- the other polymers 
had to be terminated before 60- days due to excessive pressure build Up ( APfcSO pel). 
On the basis of this first series of tests, the EPT compounds were reimmersed 
for an additional 326 days with little additional decomposition. This led 
APCO to believe that a passivation process probably had occurred during the 
first part of the testing. 

The 10 formulations were also tested for permeability and weight gain. Low 
permeation wee associated with high hydrazine adsorption. The hydrated silica 
and clay fillers appeared to have a high affinity for hydrazine adsorption while 
simultaneously showing excellent compatibility. For example, perdxide-cured EPT 
had a weight gam Of 23% after 286 hours and yet had no detectable permeation 
at the end Of 260 hottte of exposure.- Conversely, sulfur- cured EPT had s weight 
Increase of only 3% while the permeation test was discontinued at 141 hours when 

A 

the rate had already risen to 0.334 tag/ In, /hr. 
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Martin Marietta has conducted mechanical property and propellant decomposi- 
tion tefcta with the EPT-IQ diaphragm material proposed tor the VlkirtA lander 
propellant tanks (kef 24 )• The major concern was the of feet that sterilisation 
at 275°F would have on the compatibility of the terpolymer tilth N^ll^. Teat lug 
la still in progress. Preliminary results Indicate that sterilisation does 
not significantly effect the compatibility of EPT-10- with N^H^. Although dry 
heat sterilization considerably altered the mechanical properties of HPT* 10, 
these properties again returned, to the ea-cured values after soaking in N^U^. 

A passivation process seems to occur upon Immersion after dry heat sterilization. 
High pressure rises have been recorded for the first twenty days of Immersion. 
After this time, near-sero pressure rise rates have been observed. 

The most recent compatibility information on ethylene- propylene rubbers 
with has been repotted by TRW (Ref 25 ). TRW conducted s compounding study 
fot the Air Force to develop a superior rubber for seats in thruster valves. 
This study centered stound the Use of perokido- cured ethylene-propylene rubbers 
reinforced with TRW polyurethane resin, ttysrtl. Laboratory tests were used to 
s'dreeh candidate compounds. Prime candidate compounds were evaluated further 
by long-term tests in hydrazine valves at elevated temperatures. As- a result 
of this work, three compounds were developed with mechanical and chemical 
properties superior to the Stillman SR724-90 EPR control material. The newly 
developed materials were Shown to be highly compatible with hydrazine. Main- 
tenance of mechanical properties in elevated temperature hydrazine during rapid 
valve cycling short-term tests and during slower valve cycling long-term tests 
was considered excellent. The newly developed materials maintained their shape, 
thickness and sealing properties after all of the in-valve tests. On the baai>. 
of these tests, compound 102-1, a peroxide* cured composite of EPT, Hyetl, end 
fumed silica was selected as the prime NjH^ valve seat material. The Air Fot-.re 
designation for tnls compound is AF-E*102. 

Due to the success in developing AF-E-102, the Air Force further funded 
TRW to develop a similar compound (EPT plus Hystl) for use as a polymsrlc 
Bladder dr diaphragm material (Ref 26). This new material was to damonstrate both 
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lowet permeability and daecmpositlon aver state-of-the-art expulsion bladder 
materials. TRW chose EPT-10 aa * reference for comparison* On the basis of 
compounding studies, ..KW chose an EPT/Hyatl covulcanlsSte, designated AF-E-332, 
as their prime candidate. In both static Immersion tests and permeability 
tests, the new compound has showed Itself superior to EPT-10. 

Just recently, the European Space Resarch Organisation (ESRO) has presented 
additional non-metal compatibility Information with (Rel 27 ). Static 
Immersion tests were run at AO, 60, and 80 & C to measure both decomposition 
and material attack. From the results, Butyl, EPR, and PTFE were considered 
to have good resistance to attack and not to cause • -nesslve decompo- 
stion if carbon black Is not employed ss a filler material. 
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RESEARCH ON HYDRAZINE DECOMPOSITION 


The material presented in this appendix is a partial reprinting of 
Rocketdyne Report AFRPL-TR-69-146, North American Rockwell Corp. , 
Rocketdyne Div. , Canoga Park, Calif. , July 1969 
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INTRODUCTION 


The utility of hydrazine nfl A ate liable propellant ifl well established, 
lie limitations result principally from a high melting point and a moder- 
ate thermal stability. Hydrazine is sufficiently stable that gad evolu- 
tion in apparently not a problem during normal storage in packaged sys- 
tems; reliable long-term Storage data are laeking. The use of hydrazlno 
as a vehicle in gelled heterogeneous propellants is limited by gas evolu- 
tion in some cases, but this results from interaction of the hydrazine 
with the gelling Agent or tho added solid. It is usually assumed- that the 
thermal stability of hydrazine is borderline for use in tactical systems 
that may undergo aerodynamic heating, e«g», A0O P for 1 hour; again, suf- 
ficient experimental data were lacking prior to this program. Hydrazine 
can be used as a thrust chamber coolant only in systems that have been 
carefully designed with consideration for its limited thermul stability. 
However, the tendency of hydrazine to decompose thermally is advantageous 
in at least one application, i.e. , thrusters in which hydrazine is cats- 
lyti colly decomposed as a mono propellant. 

Extremely limited information is available relating to the kinetics or 
the mechanism of the decomposition of liquid hydrazine. Attempts have 
been made to discover additives that will increase the thermal Stability 
of hydrazine, but these investigations were conducted without benefit of 
a. knowledge of the type of reaction mechanism involved in the decomposi- 
tion (free-radical or iotoic), or of the site of the decomposition (on the 
wall or in the bulk of the liquid). Hydrazine is sufficiently stable 
that liquid-phase decomposition studies must be conducted either at very 
slew rates of reaction of nt elevated temperatures where a high pressure 
is required to maintain the liquid phn c* It is for these reasons, 
apparently, that most hydrazine decomposition studies have been conducted 
in the vapor phase even though the liquid -phase decomposition may be of 
the most practical interest. 
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It) the ease of the decomposition- of hydrazine Vapor, the rates have been 
determined under a variety of conditionei but the detailed reaction mech- 
anisms have not been established. The decomposition of the vapor has been 
found to bo a heterogeneous reaction (on tho wall of reactor) below approx- 
imately ?00 C, and a homogeneous reaction above this temperaturo (ftof. 1 ). 
A nuttbor of free-radical mechanisms have been proposed for tho homogeneous 
decomposition of hydrazlno vapor (Hof. 3 through 4), but thoso have boon 
selected primarily to yield the correct stoichiometry and have not been 
baaed on well-established kinctie parameters such- as reaction order (the 
uncertainty in tho reaction order is exemplified by the data in Ref. 2 ). 

A limited number of investigations of the liquid-phase decomposition of 
hydrazine have been reported. Meet of theoo are described in Ref. 5 
through 13* Some of these investigations arc discussed by Ebersteln (Ref. 
14 ). Perhaps the most interesting of the previous investigations is 
that of Lucieu (Ref. 5 ) which is discussed later in this report. Un- 
fortunately. Lucien did not establish that most Of his measured reaction 
was occurring in the liquid phase. 

It was the objective of thiB program to establish the stability of liquid 
hydrazine under various conditions and to elucidate the reaction mechanisms 
involved. The role of impurities in the decomposition was to be deter- 
mined. It wad assumed that liquid hydrazine can decompose either homo- 
geneously or heterogeneously (on the surface of the reactor) depending 
on the temperature Mid the area and type of surface in contact with the 
liquid. It was anticipated, Also, that ionic mechanisms will be importaht 
in the liquid-phase decomposition of hydrazine which is a highly polar 
liquid with a dielectric constant of $3 at room temperature. 

This investigation can be generally divided into three areas) (1) homo- 
geneous decomposition, (2)' heterogeneous decomposition on metal surfaces, 
and (3) role of impurities. 
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The approach uhdor area 1 was to investigate the decomposition kinetics 
under conditions where the homogeneous mechanism would be expected te pre- 
dominate (glass reaetore, elevated temperatures, purified hydrazine). 
Investigations in solvents and with added lalte wore used te distinguish 
between possible ionic and fred-radlcal mechanisms. 

The hetorOgoneeus decomposition klnotics, area 2. wore investigated at 
lower temperatures with the liquid in contact with various metal surfaces. 
The effect of the pretrentment given the metal surface wus also stutliod. 

Under area 3 (role of impurities), the impurities normally present in 
hydrnzino were determined. The possible detrimental effect on stability 
of these impurities was investigated by adding them to samples of purified 
hydrazine and, also, by attempting to effect their removal by pretreating 
the hydrazine. The susceptibility of hydrazine to potential impurities 
also was Investigated (e.g. , carbazic acid, whioh eon form from rcection 
with CO^ in bir). 

The results of this investigation are presented in approximately the above 
Order in this report. HOweVer, some series of experiments relate to more 
than one Of these general oreas. Data relating mainly to the establish- 
ment of the kinetic parameters (homogeneous and heterogeneous) are pre- 
sented first. This is followed by the results relating to the role of 
impurities. Finally, the work aimed specifically at determining the re- 
action mechanisms involved is presented. 
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SUMMARY 


the objective of this program w as to establish the thermal stability of 
hydrazlno under Various conditions and to elucidate the reaction mocha-* 
nisma involved* Tito offoot of impurities on the thermal stability was 
emphasized becnutio it wan determined rather early in- the program that 
purified hydrazine in considerably more stable than propellant-grade 
hydrazine. 

KINETIC PARAMETERS IN l>YltE)C AMPOULES 

The liquid-phase decomposition rates were measured at small extents Of 
reaction in Sealed pyrex ampoules at temperatures from 90 to 246 C, and 
reaction times from 0.3 to 600 hours. It was established that the de- 
composition rate 16 a function of the purity of the sample, and that the 
decomposition rate decreases with time. At 171 C. the average decomposi- 
tion rates in percent per hour are, respectively, 0.04, 0.004, and 0.000) 
for propoi lant-grade , distilled, and BaO-pretreated samples of hydrazine. 

The produet ammonia- was found not to Inhibit the- reaction-, and the rate 
is not pressure dependent. 

The stoichiometry observed throughout the program for liquid-phase decom- 
position was that which gave very little hydrogen (approximately 3 percent 
or less "percent ammonia decomposed"). The oeiivation energy for decom- 
position in the gloss ampoules is about 20 kcal/mole, 

HETEROGENEOUS DECOMPOSITION ON METAL SURFACE 

The rate Was found to be Btrongly dependent on the type of metal in con- 
tact with the liquid and on the type of pretreatment the surface had been 
given. However, the rate on wall -passivated stainless steel was only 
slightly higher thou the rate obtained in the pyrex ampoules. The hetero- 
geneous decomposition rate is not as dependent on the purity of the hydraz- 
zine sample as is the rate in the absence af a metal surface. It may be that 
impurities from the metal surface dissolve in the liquid. 

3 
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ROLE OF IMPURITIES 


It was established that the thermal atabilitjr of both propellant-grade 
and distilled hydrazine is determined by tho occurrence of an impurity- 
catalyzod reaction. Of tho known impuritlea in hydrazine, water, iron, 
and entbazie aoid wore found to bo dotrimental to thormoi stability. 

Trace acidic and motaUlc impurities appear to bo orittoal. 

EFFECT OF AGflIIC ADDITIVES 

The decomposition of hydrazine was found to bo very susceptible to acid 
catalysis, particularly in tho prosonce of a metal surface. One percent 
of an acidic impurity can increase the decomposition rate by a factor of 
1000 , 

EFFECT OF HYDRAZINE WimEATMBNT 

It was found that contacting propellant-grade hydrazine with technical- 
grade BaO reduces its decomposition- rate (in glass) by two orders of 
magnitude, A similar effect could- be obtained- by adding- 0 f-ew hundred 
ppm of Na 2 S. It is concluded that tbla latter treatment removed both 
trace metal impurities and acid contaminants by precipitating them as 
sulfides and by neutralization (8* ♦ NgH,. + -* HS' + NgR^) respectively. 

The BaO pretreatment was bHowu to remove acidic materials from the 
liquid. Pretreatment with other insoluble bases and other samples of 
BaO also increased the thermal stability but not to as great ad extent 
as one specific sample of BaO (probably because it contains a soluble 
sulfide impurity). 

INVESTIGATION OF DECOMPOSITION MECHANISM 

By the addition of various salts to change the ionic atrength of tho liquid 
hydrazine, it woo ootobiiohed that tho rato-detormin-iug atop involves the 
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reaction of a Kingly charged and a doubly charged ion of the opposite sigh. 
The following mechanism is proposed for the impurity^cAtalyzed homogeneous 
reaction! 


NyH ^ 4 ♦ m(x)*~ ►m(x) 4 “ ♦ ♦ nh 2 (l) 

M(X)^ ♦ SNjjll^ — ►M(X) || ~ ♦ N 2 H 5 + ♦ HgHj (2) 

m 2 ♦ H 2 \ “ o Nit, (3) 

2N 2 U, ►N 2 ♦ 2NH, ('.) 


where M i a transition metal ioh oml X is a negative ion (e.g. , Gl“ or 

NjjH,"). 

Other techniques used to determine the mechanisms included solvent studies 
and measurement of eleetric&l conductance and dielectric eonotant. 

ANALYSIS OF HY&flAZINfc! 

Gas chromatography techniques were developed to investigate the trace 
impurities in hydrazine, toluene Was found to be a trace impurity in com- 
mercial hydrazines at the 100- to 300-ppm level. 
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RATE AND KINETIC PARAMETERS IN 1YI4EX 


The rate of decomposition of liquid hydrazine was measured in sealed pyrex 
ampoules to determine its inherent stability in the absence of a metal sur- 
face and the effect of impurities on its thermal stability. 

METHOD OF MEASUREMENT OF DECOMPOSITION BATE 

In the absence of any side reactions involving impurities, the decomposition 
of hydrazine must follow the stoichiometry: 

N 2 H 4 ► ^ (1 - f ) NH 3 + i (1 + 21) N 2 + 2f H 2 (5) 

where f is commonly referred to as the "fraction of ammonia decomposed," 
and can vary from 0 to 1 but usually does not exceed 0.B5. 

At the small amounts of hydrazine decomposition of interest in this program, 
it is difficult to measure directly the amount of hydrazine decomposed or 
the amount ef NH^ formed. However f the separation and measurement of the 
noncondensable products, N 2 and 1^, cah be done rapidly and accurately. In 
the method used in this program, the measured quantities are the ratio, R, 
of Hg to N 2 and the total moles of nortcondensab-le products (n 2 + Hg). The 
value of f can be calculated as follows: 

f - R/(6 - 2R) ( 6 ) 

The amount of hydrazine decomposed is calculated from the measured amount 
of tioncondens&ble gfcfc As follows: 

moles Njjl^ = [3/(l ♦ 8f)J (moles N 2 * moles Hj,) (?) 

The details df the experimental procedure are presented in a later section 
of this report. In sumnary, the hydrazine is placed in a thick^alled glass 
ampdUle, the sample is frozen and the ampoule evacuated And sealed, the 
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lopoult is thou heated (or the desired tine hod broken open in a vaOuun 
ayaten. the hydrazine and ammonia ore condensed in o INg-cooled trop, 
the total pressure of the honcondOnaebie products (Ng + Hg) i« fteoaured 
with a multi range McLeod gage, and the nc. (condensable gases fcto Onalyzed 
in a mass spectrometer. From the initial amount of hydrazine introduced 
into the ampoule and the known volume of the gas-measuring system, the 
percent hydrazine decomposed is calculated using Eq. 7 . 

The relationship between the moles of NgR^ decomposed and the total moles 
of Ng end Hg formed (Eq. 7 ) is plotted in Fig. 1 as a function of the 
percent hydrogen present in the noncendensSble product. It will be seen 
later that considerably less than 30-percent hydrogen i-s found in the 
noneondehsable products from the decomposition of liquid hydrazine under 
most of the conditions investigated. Thus, between 0.33 and 0.55 moles 
of noncondensable products usually form per mole of hydrazine decomposed. 



Figure 1. Moles of Nonoondensable Gao Formed per Mole 
of Hydrazine Decomposed ao a Function of 
Percent Hg in None ond end able Products (Eq. 7 ) 
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Id a typical experiment , the ampoule had a total internal volume of 1.0 
milliliters and 0.1 milliliters of liquid hydrazine was employed. It rah 
be calculated that at temparaturos around 1?0 0, where the Vapor proaauro 
of hydrazlno la about 7 atmospheres, more than 1 percont Of the hydrazine 
la initially lh the Vapor phono* 

The initial pressure in the ampoule la equal to the vapor pressure of 
hydrazine. As the reaction proceeds, the pressure increases by the 
pressure Of uoncondensable products (about an additional 1 atmospheres 
for 1 percent hydrazine decomposed at 170 C) and the pressure of the RH^ 
which is not soluble in the hydrazine (about an additional 8 atmospheres 
for 1 percent hydrazine decomposed— assuming that most of the NIL is in 
the vapor phase at this temperature). Thus, the total pressure in the 
ampoule would be about 60 atmospheres (900 psi) at 170 C after 5-percent 
of the hydrazine has decomposed in a typical experiment. 

The decomposition Of more thin a few percent of the hydrazine would usually 
result in breakage of the ampoule by tke excessive pressure ef the products. 
This was not a serious limitation because the interest in this program was 
in the kinetics of decomposition at low extents of decomposition. For most 
applications, the decomposition Of more than a few percent of the propellant 
(prior to use or while being employed as a coolant) could not bi tolerated. 

Prior to use, the ampoules were cleaned with aqua regia, rinsed, dried, and, 
for the later experiments, passivated with propellant-grade hydrazine for 
2A houra, rinsed With distilled water and dried. The hydrazine passivation 
did not affect the rates obtained at higher temperatures except that it 
reduced the incidence of occasional spurious high remits. At lower tem- 
peratures (<150 c), however, the rate in the absence of a metal surface was 
markedly reduced by prepassivatUn of the ampoules. 

RESULTS: PROPBLLART-CHADE HVDRAZINE IN PftlEX 

The decomposition of propellant-grade hydrazine was found to he a relatively 
slow process eVen at moderate temperatures. Most of the studies in pyrex 
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ampoules wore conducted at- PI C (14Q F) because t Hie g6v# conveniently 
mensurable decomposition- rate* On the order of 1 perean* in 24 hours. 

All of tit# dote- obtained on- the decomposition rote of "Os -received" 
propellantwgrade hydrazine* ore lieted in Table 1, odd- the results oi Pi 
and 12ft C or# plotted aa a function of tlmo in Fig. 2 and A (Fig. 3 show# 
the initial decomposition rat# of prOpcl lout -grade hydrazine on on expanded 
scale). When a phenomenon woo under investigation (such os the effect of 
additives or of motel Surfaces), blank runs were usually made to ensure 
that any effects observed were real. Many of the experiments listed in 
Table 1 were Such blank experiments. 

Reproducibility 

It mSy be seen from Fig. 2, 3, and 4 that completely reproducible results 
could not be obtained, It was found, however-, that the effects of interest 
te the program were of auff icient magnitude that this lack of reproducibility 
did not prevent conclueions from being drawn with reSpeot to the Reaction 
mechanisms and- the roles of impurities and -additives. It did require, how- 
ever, that more experiment* be conducted- to- establish the ki-netie parameters 
associated with the phenomena of interest. 

The possible causes of the scatter of the data ware investigated in some 
detail. early in- the program. It was determined that the magnitude- of the 
scatter was considerably greater than could arias from the combined possible 
errors in the measurement of (l) the initial sample aize, (2) the molea of 
noncondensable products, (l) the Hg to Ng ratio, and (4) the reaction 
temperature. 

The effect of prepaasivating the ampoules with hydrazine before the final 
filling was next investigated. It may be aeon from Fig. 2 and 1 thetpessi* 
vat ion has little, if any, effect on the results obtained at l?l C. However, 
three of the 1?1 0 experiments gave apparently spurious results (Ebc peri merits 
W, lib, and 11?) and -were not plotted in Fig. 2. Because these were three 
of the experiments in unpassivated ampoules it is possible that prepasaiva- 
tlon Would have prevented the spurious results. It may be seeh from Fig. 4 
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TABLE 1 


RESULTS WITH iTtOPELlANT- GRADE HYDRAZINE 
IN PYREX AMPOULES 


Experiment |Teoperature 

No i Semple 


L-104A 


H-1726 

I 

L-104A 


Time , 
hours 


Percent 
Hydrogen In 
<1 one ondons able 
Product® 


1 

2.1 

4 

8 

16 

52 

64 

80 

96 

112 

128 

0.2 

°.$ 

0.75 

21 

120 

18 

42 

114 

282 

285 

282 

0.6 

0.6 

0.6 

20 

20 

20 

66 - 

66 



6.8 

11.9 
12.4 

( 10 ) 

15.9 

12.9 

6.6 

(W 

(10 

(10 

HO) 

1 . 10,1 

10 

I 10) 
( 10 ) 
9<9 
12.1 

<iis’ 


Porcont 

Hydrazino 

Decomposed 

Total 

Per 

Hour 

0.52 

0.031 

0.57 

0.035 

0.88 

QiO r >2 

0.67 

0.039 

0.68 

0.040 

0.55- 

0.051 

1.0 

0.059 

0.57 

0.035 

0.62 

0.056 

0.086 

0.086 

0.12 

0.060 

0.21 

0.054 

0.40 

0.056 

0.54 

0.034 

1.2- ; 

0.058 

1.5 ! 

6.023 

1.6 

.0.649 

5.9 

0>062 

2.1 

0.018 

2*$ 

0.020 

0.614 

0.056 

0.055 

0.066 

0.061 

0.082 

0.87 

0*041 

1.75 

0.015 

0.58 

0.052 

1.28 

0.050 

2.78 

0.024 

5.4 

0.012 

6.9 

0.024- 

5.1 

0.018 

0.026 

0.043 

0.026 

0.043 

0.050 

0.050 

0.77 

0.039 

0.?4 

0 . 03 T 

0.72 

0.056 

1.36 

0.021 

.1.15 

0.617 


Remarks 


2l-peroent ullage 
16 -percent ullage 
51-percent ullage 

25- percent ullage 

26- percent ullage 
69-percent ullage 
75-percent ullage 
69-percent ullage 
71-percent ullage 


High result 


High result 
High result 


Blanks tor NH^ 
Experiments 
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Experiment 

No. 



Temperature , 
C 


L-104A 


L-104B 


L-1G4A 


TABLE 1 
(Continued) 


Percent 
Hydrazine 

Ifydrogen in Dccomp<>aed 
Time, Noncondensable Per 

hours Products* Total Hour 


Remarks 



0.019 
0.021 
0.040 

O.054 
0.055 
0.028 
0.050 
0. 055 
0.024 
0.047 
0.049 
0.025 
0.022 
0.059 
0.054 
0.059 
0.045 
0.050 
0.050 

0.027 Unpassivated 
0.052 
0.018 
0.012 
0.012 
0.025 
0.027 
0.025 
0,0055 

0.0051 » 

0.0042 1 

0.010 
0,011 
0.0067 
0.0061 
0.0095 
0.0059 
0,0042 
0.0055 
0.0029 
0. 0025 
0.0022 

0.0042 02-percent ullage 
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TABU! 1 
(Concluded) 


Experiment Temperature > 

Ho. Sample C 

373° L-104A 128 


Percont 
Hydrogen in , 
Time, Noneondensable 
hours Productfl a 


264 

264 

576 

576 

20 

16 

7 

17 

2 

2 

0.5 

1 


Percent 

Hydrazine 

Decomposed 

Total 

Per 

Hour 

0.36 

0.0049 1 

0.28 

0 . 00-38 ( 

0.28 

0.0038 l 

0 .> > 

0.0048 ’ 

0.25 

0.0034 : 

0.28 

0.0044 

0.26 

0.6041 

0.25 

6.0039 

0.36 

0>0056 

0.17 

0.027 

0.17 

0.027 

0*25 

0.0033 

0.36 

0.004? 

9.32 

0.0042 

O.ll 

6.0046 

0.16 

0.0042 

O.iO 

0.0042 

0. 16 

0,00060 

0.16 

6.60060 

0.13- 

0.00002 

0.12 

0.00021 

0.15 

0.007$ 

0.76 

0.047 

0.48 

0.069 

3»5 

0.26 

0.45 

0.22 

0.48 

0.25 

0,29 

0.58 

0.53 

0.53 


IlomarkS 


Unpasaivated 


Unpassivated 


a This value is the percent hydrogen, P, in noncondensable products (N 2 + %). 
the value af It for use in Eq. 6 is given by P/(l00-« P). 

'Values in parentheses were estimated from results of similar experiments. 

The effect of error in this value on percent hydrazine decomposed can be 
calculated from Elg. 1 or Eq. 6 . 

C In these experiments, ampoules were passivated overnight with hydrazine before 
filling. In the other experiments, the ampoules were cleaned but not passivated. 
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inconveniently long with the moot stable camples of hydrazine prepared 
Inter In the program. Additional advantages of the small sample also are 
safety and that small quantities of a specially prepared or purified 
sample of- hydrazine can bo studlod under a number of conditions* 

Although some exceptions wcro found) the roproduoiblllty of a glvoa aeries 
of ofcpftrlmontA was bettor than the reproducibility from aerlos to ecrloc. 

Xt was for thio roason that blanks wore omployod os oaeb phenomouon of 
interest was lnvostlgntad* 

Effeot of Sanmlo Source 

Data are proaonted in Table 1 and Fig*. g, It- and 4 for throe dlffferent 
samples of prOpellont-grodo hydrazine t L-104A* L-1G4U, and RPb*II-17S(>. 

The first sample was obtained from o propellant tank at Rooketdyne, the 
seeond was obtained from the oomo tank approximately 18 months later* and 
the third sample was typical propellant-grade hydrazine supplied from that 
In use at the Edwards Rocket Propulsion Laboratory. The analyses of these 
samples of hydrazine will be presented later to tfals report* It may be- seen 
that the three samples of propellant- grade hydrazine had: similar thermal- 
stabilities* 

Effect of tillage Volume 

A series of 17-hour experiments was conducted in ampoules of 2. 3-mlllimeter 
ID fyrsx capillary tubing at 171 C with propellant-grade hydrazine* The 
amount of liquid loaded into the Cmpoule was varied to determine the effeot 
On the decomposition rate of changing the ratio of the volume of the vapor* 
containing ullage to the volume of liquid . Because the liquid volume essen- 
tially determines the total amount of hydrazine to the ampoule) the percent 
decomposed will be proportional to U/(l-D)* where V lo the fraction of ullage, 
if all of the observed reaction occurs to the vapor phase* If* however* only 
liquid-phase decomposition occurs * the percent decomposed will be Independent 
of the amount of ullage* add of U/(l-U). 

The results obtained to this aeries of experiments are presented at the top 
of Table 1. The percent ullage listed was calculated at reaction temperature 
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taking into account the thermal expansion of the liquid sample. These 
results are plotted in Pig. *5 as a function of U/(i-tt). The results are 
independent of the percent ullage indicating that the observed dceofnpo" 
oition occurs in the liquid phase. The average percent decomposition during 
these nine experiments was 0,6? with On average deviation of i 18 porfenl, 

The rosulte of experiments at 128 C, in which the ullage volumo was varlod 
from 28 to 82 poreont of the reactor volumo. wore similarly found to be 
lndopondent of tho ullago volumo. These are Experiments 172 to 3?8 in 
Tablo 1. 

Tho above results are of importance to the presont program because they 
establish that the liquid-phase reaetlon can be measured without interfer- 
ence from decomposition- of the vapor presont irv the ampoule. Coincidentally, 
they also yield information regarding the stability of hydrazine vapor in the 
presence of a glass surface at a high hydrazine pressure of about 7 atmos- 
pheres. It can be estimated from Pig. 5 that the maximum amount of hydrazine 
which could hove decomposed in- the vapor phase during any of these experiments 
was approximately 0.1 percent of the total hydrazine. Because 2 percent of 
the hydrazine, la initially present- itt the vapor phase in the high- ullage 
experiments, this indicates that the half-life of hydrazine vapor under these 
conditions is at least 170 hours. The Implications of this upper limit on 
the rate of decomposition of hydrazine vapor will be discussed in a later 
section. 

Decomposition Bate as a Function of Time 

It might be anticipated that the decomposition roteof liquid hydrazine would 
be constant with- time- for small extents of decomposition. This was found not 
to be the case, however, with propellant-grade hydrazine in pyrex ampoules. 

At 171 6 (Pig. 2 and J), the decomposition rate decreases with time from an 
Initial value- of 0.060 percent per hour to approximately 0, 008 percent per 
hour. At 128 C (Pig. 4), tho rate in passivated ampoules decreases with 
time from Q. 0054 to 0.0014 percent per hour. 

Because the eoncentratidn of hydrazine- remains nearly constant in the liquid 
thaee at thee# small extents of reaction, the observed change in the 
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decomposition rate with time indicates that the decomposition Of propellant- 
grade hydrazine In pyre* ampoules is not a simple homogeneous pyrolysis 
reaction. A number of possible causes of the decrease ih rate with time 
were considered and investigated: 

1, The reaetion occurs heterogeneously On the wall of the reactor 
and the wall Slowly becomes passivated. 

2, the reaction is inhibited by the reaction product ammonia. 

3 . The observed reaction involves an impurity (either impurity- 
catalyzed or a. direct reaction) and the Impurity is either 
depleted or slowly converted. to a nonreactive form. 

4. The rate is an inverse function of the total pressure. 

It will be shown on the following pages that (l) the reaction does not occur 
predominantly oU the reactor wall, (2) added ammonia does not decrease the 
initial, decomposition rate, and (3) the Impurity aniline does not react 
directly with hydrazine under these conditions. It will be shown later 
that the rate of the liquid-phase decomposition of purified hydrazine is 
not a function of pressure. 

On the basis of the results to be presented in this section and those to 
be presented later in the report regarding the role of Impurities and the 
effects of additives and ionic strength, 1% has been concluded that the 
rate Of decomposition of propellant-grade hydrazine is determined by the 
concentrations of trace impurities (probably Involving an acidic impurity 
reacting with a trace metal ion). In terms of this proposed ueehanism, 
the most likely explanation for the decrease in- rate with time is that a 
trace impurity is slowly being removed at the glass surface or is being 
converted to an inactive form by slow reaction with the hydrazine (e.g.-, 
the conversion of metal ions to a chelate or a complex ion) or with other 
impurities (e.g. , water). This explanation requires that the removal of 
the traee impurities only Occurs at elevated temperatures, otherwise it 
should occur during the storage of the samples in glass bottles. 


23 


64 


JPL Technical Memorandum 33-561 



Effect of Added Glass Surface . It Wm established previously that the 
reaction occurs in the liquid phase in glass ampoules at elevated tempera- 
tures. A series of experiments was conducted at 171 € to determine whether 
this liquid-phase reaction occurs heterogeneously on the glass surface or 
homogeneously in- the bulk of the liquid. Four ampoules were loaded' with 
1.3 milliliters Of propel lent- grade hydrazine (lrl04A) and heated for I 
hour. Two of the ampoules had melting point capillary tubing present in 
the liquid phase increasing the surface in contact with the- liquid by a 
factor of- 2.7. The results obtained were somewhat unexpected; the hydrazine 
in each of the unpacked ampoules had undergone 0.062 percent decomposition 
while in each of the ampoules with added glass, only 0.037 percent had 
decomposed. This result suggests that impurities are being removed on the 
glass surface at 171 C. causing a marked - decrease in the rate even during 
the first hour. However, later experiments presented in the next para- 
graph gave an increase in rate when the surface was increased. 

The site of the reaction of propellant- grade hydrazine (L-104A) in the 
glass reactors was investigated further by adding fine glass heads- to the 
ampoules. The heads increased- the surface area by a factor of 12 hut Only 
increased the decomposition rate by a factor of approximately 3.5 (2.4$ 
percent decOmpcoed in 20 hours at 171 c). This indicates that the major 
portion (80 percent) of the decomposition of propellant-grade hydrazine 
occurs homogeneously in the liquid phase. It will be shown later, however, 
that this homogeneous reaction is mainly impurity- catalyzed. No explanation 
is apparent for the discrepancy between the two sets of experiments with 
added glass hut it may he related to the difference in heating times: the 
added glass was aquS regia-cleanod in each case (see Experimental Procedures). 

Effect of Added NRy A series of experiments was Conducted to determine 
the influence of added Nftj upon the decomposition rate of propellant-grade 
hydrazine at 171 C. Twelve ampoules of propellant- grade hydrazine (l<-104A) 
were heated for 20 hours at 171 C. Four contained 1.33 percent added NH^ 
(equivalent to that normally present after 1-percent hydrazine decomposi- 
tion)* four contained 2.67-percertt NHy and four were blanks with no added 
N!ty All four ampoules containing 2. 67-percent Nik broke, preonmably from 


24 


JPL Technical Memorandum 33-561 


65 



tho pressure of the ammonia, as did two containing the love* concentration 
of NHj (weaker ampoules of 3 an Hi Vyvex were employed- in those- experiments), 
The eurvlvlng ampoules gave the following results-: 


Experiment 

No. 

initial nh 3 , 

mole uercent 

Percent 

DecomnOaet 

261 

1.33 

0.31 

267 

1.33 

0.55 

268 

0 

0.77 

269 

0 

0,7k 

270 

0 

0.72 

271 

0 

0.48 


The results with added NH^ suggest an inhibiting effect, but they are 
almost within the usual scatter of the blank experiments. If the added 
NH^ had no effect, about 0.7 percent hydrazine should decompose in 20 
hours (Fig. 2), whereas if NH^ inhibition is responsible for the observed 
decrease in rate in Fig. 2, only 0.4 percent should decompose (after 
decomposing 1 percent in. 30 hours. Fig. 2, propellant-grade hydrazine will 
decompose 0.4 percent during the next 20 hours). 


Since the results with added NH^ were inconclusive because the runs at 
2.7-percent ammonia were lost by ampoule breakage, additional experiments 
were conducted at higher NH^ concentrations in stronger ampoules. Quartz 
reactors of 1 millimeter ID were used to prevent breakage. The heating 
time was 22 hours in all experiments at a temperature of 171 C. 


Only a few experiments were conducted in quartz with propellent-grade hy- 
drazine during the program. The blank runs (no added NIL^) gave percent 
decompositions of 1*6, 1.9, 1.5, and 1.1. These are higher than the value 
of 0,9 percent usually obtained in 3-millimeter ID pyrex ampoules. Because 
the decomposition of propellant-grade hydrazine is partly heterogeneous at 
I71 c(see above) , much of this difference can be accounted for by the higher 
surface- to-volume ratio of the 1-millimeter ID capillary. 
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Three rune were mode undo* the aiune renditions da above with- f.B^percent 
NH^ odded to the- propollant-g-rado hydrazine. One Ampoule broke and the 
other two sample a of. hydrazine underwent decompositions Of 1.) and 1.6 
porcent, respectively. It appears, therefore, that NlL^ had no effect on 
the decomposition rate, and its buildup as A product docs not cause the 
observed decrease in decomposition rate with time (Fig. 2 ), Eight per- 
cent Of added NIl^ is the equivalent to that which would be prosent after 
about 6 percent of the hydrazine decomposed in the absence of added NH^. 
Thus, leas than 0.2 percent decomposition should occur in 22 hours with 
added NH^ if NH^ inhibition accounted for the effect in Fig. 2 . 


It is not surprising that NH^ does not inhibit the reaction because at 
171 C most of the Nli^ would be in the vapor phase. Lucien (Ref. 5 ) has 
reported that Ntl^ does inhibit the liquid-phase decomposition of hydrazine; 
his results will be discussed later. 


Direct Reaction of Aniline . A direct reaction with An impurity would be a 
possible cause Of the observed decrease in the decomposition rate with time; 
the rate would decrease as the impurity is consumed. A. possibility is the 
direct hydrogenation of the impurity aniline or toluene*. One possible 
stoichiometry for such a reaction is the following: 

C 6 tt^NH 2 + 3/2 C 6 H u MI 2 + 3/2 N 2 (8) 

in which each mole of aniline reacted leads to the formation of 1.3 moles 
of noncondensable gas. Because the percent hydrazine decomposed is cal- 
culated from Bq» 7 , the complete reaction of the 0.23 mole percent aniline 
initially present in this hydrazine (L-10>») would give a calculated percent 
decomposition of 0.99 percent (0.23 * 1.5 * 3). 

Thus, one mechanism Which is compatible with the observed results is that 
the aniline reacts directly with the hydra'/ine during the first 30 to 100 
hours, snd after that the observed decomposition .rate is that of aniline- 
free hydrttviine. This explanation is not tenable, however, since the results 

^Toluene Was found to be AH impurity. This will be diSCuSsed further in 
a later seeti&h. 
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presented in the following paragraph show that neither the anilino nor 
the toluene present in propellant-grade hydrazine in consumed during 39 
hours of heating* 

A series of experiments was conducted at 171 C to determine if a direct 
reaction occurred in props 1 lent -grade hydrazine between the impurity aniline 
and the hydrazine. Propellont^grade hydrazine was introduced into five 
2 . 5-millimoter- ID glass capillaries. One was Sealed for a blank; the other 
four were outgaSSed as usual and then Sealed. Two of the outgassed ampoules 
were beated at 171 C for 39 hours. The other three aslpoules were stored 
at room temperature. After breaking the ampoules in- a dry box, analysis by 
gas chromatography revealed that all five samples contained approximately 
0.8 weight percent aniline (previous aniline values for this material were 
0.67 and 0.69 weight percent— a standardization error is believed te account 
for the difference) and approximately 300 ppm- toluene. It is apparent from 
these results that aniline does not react with hydrazine at 1?1 C. 

Stoichiometry 

The percent hydrogen in the noncondensable gases is listed in Table 1 for 
those experiments in which it was measured. These values ranged frdm 1 to 
15 percent for prOpellant-grade hydrazines in pyrex ampoules. This gives 
values ef "f" according to Eq. 6 from 0.002 to 0.03 or 0.2 te 3 "percent 
ammonia decomposed." It is apparent, therefore, that under these conditions 
the reaction almost follows the possible Stoichiometry (fiq. 3 ) in which no 
hydrogen is formed. The implications of this with respect te the reaction 
mechanism involved will be discussed in a later section. 

Effect of Temperature 

Per a simple reaction, the activation energy is usually measured to gain 
additional insight into the reaction mechanism. Since It was shown 
that the rate ef decomposition ef propellant^grade hydrazine decreases 
with time at 171 C and 126 C, it is not possible to calculate a single 
activation energy. 

27 


68 


JPL Technical Memorandum 33-561 



An. Attempt was made, however, to put those data into an Arrhenius plot 
in Pig. 6 because this permits direct comparisons to be made of the 
various experiments presented throughout this report, the data obtained 
at temperatures other than l?l C and 128 C are also listed id Table 1 
and are plotted as sihgle points in Fig, 6 ♦ At 90* C and 128 C, only 
the results obtained in passivated ampoules are included in the plot. 

The line drawn through the "pyrefc" data in^Fig. 6 has a slope equiva- 
lent to an activation energy of 20.5 kcal/mole. 

RESULTS: PURIFIED HYDRAZINE IN PYREX 

As a first step in establishing the role of impurities in the decomposition 
of hydrazine, the rate parameters for the decomposition of specially puri- 
fied hydrazines were measured in pyrex ampoules for comparison with the 
results obtained With propellant-grade hydrazine. The experimental results 
obtained are listed in Table 2 . 

Analysis of Hydrazine Samples 

Two specially purified hydrazines were made available to this program through 
the cooperation of the U.S. Air Force Rocket Propulsion Laboratory and the 
Olin Mathiesdh Chemical Corporation. The Air Force material was prepared by 
reduced pressure distillation, and the Olin material was purified by a frac- 
tional crystallization technique. These samples of purified hydrazine and 
other hydrazine samples available to the program were carefully analyzed 
giving the results Shown in Table . The details of the analytical methods 
employed are given in a later section of this report. 

Decomposition Rate ds a Function 
of Time and Temperature 

The data listed in Table 2 for Olin purified hydr&gine in pyrox at l?i C 
Ure plotted in Fig. 7 (except fdr experiment 7b which gav<* a very high 
rate). Rased oh the oUrVe druVn in Fig. 7 , the decomposition rate nt 
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Figure 6* Effect of Standard Surface, Temperature # and BaO Treatment on Decomposition 
Hate of Propellant-Grade Hdrazine (Arrhenius Plot) 




Figure 7. Decomposition Hate of ftLin. Purified Hydrazine in Unpassivated Pyrex 
Ampoules at 171 C and Effect of Added Impurities 





ABLE 2 


RESULTS WITH PURIFIED HYDRAZINE IN GLASS AMPOULES 


Percent 
Hydrogen in 

Experiment Temperature, Time, Noneondensablc 

No. Cample C houre Products 0 


49 Olin 171 16 

50 I 16 

75 2 

76 8 

77 16 

78 44 

79 96 

81 208 

83 305 

20 
20 
20 
20 
32 
32 
32 
2.8 
2.4 
40 
40 
1.1 
46 
46 
24 
24 
. 48 

3251 1* 

327j 23 

328j 41 

329j 53 

3$0$ 4 

33l d ♦ * 69 

295 RPL-PUR 171 20 

296 I 20 

297 20 

296 40 

299 40 

300 40 

382 66 

383 66 

384 66 

434® " u 66 


25.1 

22.4 
21.6 

3.6 

31.1 
( 20)6 

24.4 

^0) 

120) 

i'20,' 

20 

H 

b 

(20,1 

(Mi 

1-20,1 

14.3 
(29) 
120) 
i,20) 

16.4 

7.7 
( 20 ) 

7.3 

18.1 


19.6 

( 20 ) 

29.4 

26.4 
(15) 

13.0 

(15) 

15.1 


Peroe'nt 

Hydrazine 

Dee ompoaed 

Total 

Per 

Hour 

0.040 

0.002$ 

0.053 

0.0033 

0.012 

0.006 

0.60 

0,07$ 

0.16 

0.010 

0.14 

0.0033 

0.13 

0.0014 

0.38 

0.0019 

0.59 


0.16 

0.0082 

0.11 

0.0055 

0.11 

0.0055 

0.11 

0.0055 

0.15 

0.0048 

0.26 

0.0082 

0.21 

0.0065 

0.020 

0.0071 

0.023 

0.0103 

0.117 

0.0029 

0.143 

0.0035 

0.063 

0.057 

3.22 

0.067 

2.5 

0.052 

2.4 

0.100 

2.6 

0.100 

2.1 

0.044 

1.52 

0.095 

1.4$ 

0.063 

2.62 

0.064 

3.70 

0.070 

0.57 

0.14 

3.46 

0.050 

0.045 

0.0022 

0.044 

0.0022 

0.031 

0.0015 

0.077 

0.0019 

0.068 

0.0017 

O.058 

0.09i4 

0.22 

0.0033 

0.29 

0.0044 

0.37 

0.0056 

0.38 

0.0058 


Remarks 


High result 


3- mm ID pyrex 
1.5-am ID pyre 


2-mm ID quartz 
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Table a 

(Concluded) 


Experiment 

No. 

Strop le 

temperature , 

C 

Time, 

hours 

Percent 
Hydrogen in 
None ohdensable 
Products® 

Percent 

Hydrazine 

Decomposed 

Remarks 

Total 

por 

Hour 

455° 

RPL-PUR 

in 

66 

(20) 


0.>i6 

0.0070 


456° 





66 


22.3 

0.34 

0.0052 


457° 





66 

20 


0,36 

0.0055 


aio® 





72 


15.9 

0.14 

0.0019 


811° 





7* 


11.6 

0.16 

0.0022 


847® 





24 


23.1 

0.13 

0.0054 


848° 





24 

(15 

0.15 

0.0062 


950® 





24 


14.0 

0.14 

0.0058 


951® 





24 

15) 

0.11 

0.0046 


537® 



128 

24 


1.2 

0.019 

0.00079 


538® 





109 


.2.} 

0.087 

0.00080 


539® 





12 


2 


0.0093 

0.00077 


540® 





1 


(2, 


0.0050 

0.0050 

High Result 

541® 





292 


11.2 

0.182 

0,00062 


542® 





8 


',2, 


0.0085 

0.0011 


543® 





5 


1* 


0.0047 

0.0016 


544® 





5 




0.0064 

0.0015 


349 



2i 

15 

5 

(23) 


0.14 

0.047 


350 





7 


26.6 

0.79 

0.11 


351 





12 


23.5 

0~53 

OvG45 


553 





13 


23, 


0.35 

0.025 


354 





13 



i 

0.57 

0.044 


355 





13 


24.7 

0.43 

0.03> 


356 





13 


25 


0.54 

0.042 


357 





13 


23 


0.43 

0.033 


358 





13 


23, 


0.35 

O.027 


725® 



2U& 

5.3 


12 


0.80 

0.15 


?26® 



242 

5.3 


,12, 


0.87 

0.16 


733® 



246 

1 


1Z, 


0.25 

0.25 


734® 





1 


12, 


0.26 

0.26 


735® 





1 


,12, 


0.20 

0.20 


736® 





5 


,3? 


1.18 

0.24 


737 





5 


[23! 


1.54 

0.31 



a This v&lue is the percent hydrogen, P, in none .ifidensable products (N2 4 Hfc). 

^the value of R f 6r use ift Eq. 6 is given by P/(l0O - P). 

values in parentheses were estimated from results of similar experiments. 

The effect of error in this value on- percent hydrazine decomposed can be 
^calculated from Pig. I or Eq. ? • 

in these experiments t ampoules were passivated overnight with hydrazine before 
.filling. in other experiments, the ampoules Were cleaned but not passivated. 
“These experiments were in quart* ampoules— others in pyrex 
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TABLE 3 


HYDRAS! INE ANALYSIS 



Composition, weight percent 

Sample 

N 2 U «. 

v 

MI 3 

Aniline 

Veluotte 

Fo 

Carbazic 

Aeid® 

Eastman (93 Percont) 

98.9 

0.64 

0.03 

0.42 

0.03 



MCB (97 Percent) 

99.1 

0.43 

0.0? 

0.57 

0-.O3 



RPL- 11-3083° 

98.8 

0.70 

0.03 

0.49 

0.01 

<10" 5 


JlPL-li- 1726° 

98.8 

0.74. 

0.05 

0.49 

o.ol 

<10" 5 


HPL-H-69Q° 

98.8 

0.77 

0.09 

0.46 

0.01 

<10" 5 


Lot-104A b 

98.3 

0.85 

0.20 

0.67 

0.03 

0.00010 

0.023 

Lov‘104D b 

98.4 

0.70 

0.18 

0.66 

0.020 



Olin Purified 

99.7 

0.2-0. 3 

<0.1 

0.0049 

< 10 -* 

<10"'’ 


Olin Mother Liquor 

94.5 

4.7 

0.03 

0.74 

0.0026 



RPL Purified No. 1 

99.3 

0.58 

<0, 01 

0.26 

0.0002? 


0.019 

RPL Purified NO. 2 

99.6 

0.24 

<0.01 

0.15 

< 10 -* 




®Typieal propel lant-gtade hydrazi-ne from RPL. 

“Propellant -grade from Recketdyne tank. 

c Carbftzic aeid assuming that all CO**- liberated when sample is placed 
in sulfurie aeid comes from carbazic acid. 

171 C decreases from an initial rate of 0.008 to C.0013 percent per hour. 
Thus, the rates obtained with the Olin purified hydrazine are about a fao- 
tor of 7 lower than these obtained with propel lafit-gtade hydrazine. This 
indicates that the thermal stability of propel lent -grade hydrazine is con- 
trolled by impurities which are removed by the Olin purification process. 

The rates obtained ih pyrex at 171 C with the RPL purified hydrazine (Table 
2 ) Bhow considerably more scatter than do the results with the Olin puri- 
fied hydrazine, but the average decomposition rate is about the same (6'.0059 
percent per hour for the RPL purified). This indicates that distillation 
is also an effective method of increasing thermal Stability. It is of 
interest that the average rate in the prepassiVated ampoules Was about 
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60»p*rednt higher than that obtained in unpasilvatod ampoules, thin may 
result from the fact that propellant-grade Hydmine was employed in the 
passivation process,, and is an indieatlon that certain traeo impurities 
may be rato -determining. 

Much of the remainder of the data In Table & Mill be discussed later in 
eonnoeticn with various experiments for wliieh these data represent the 
baeellAo. However, it may bo Been by comparing tho rates listed in Table 
2 with the propel lont-grado/pyrex curve in Pig. (j that both puHflod 
hydrazines give rates at all temperatures which are nearly an ©rdor-ef- 
magAitude lower than those obtained with propellant-grade hydrazine. 


A series of experiments was conducted to determine whether the slow decom- 
position of purified hydrazine occurred on the reactor wall or homogeneously 
in the bulk liquid. Three 22-hour experiments wore carried out at 1?2 C 
with glass beads added to the Olin- purified hydrazine. The beads increased 
the glass surface in contact with- the hydrazine by factors of ?<}, 9.0, and 
12.4 in the three reactors and the amount decomposed increased by fact we 
of 22, 19, and 30, respectively, over that in the unpacked reactor- (2.90, 
2.42, and 3.96 percent versus 0.13 percent). 

I 

These results apparently establish that the decomposition of purified hydra- 
zine id predominantly heterogeneous at 1?2 < 2 , The fact that the rate Of 
decomposition increases more rapidly than the increase in Surface area 
would indicate that the beads have a Surface which is more aetive towards 
the decomposition of hydrazine than is the wall of the PyreX capillary 
tubing. Another possible explanation is that the glass surface introduces 
trace impurities into the hydrazine. 

These results with added glass surface tndieate that the kinetics and 
mechanism of tho ihhereht homogeneous decomposition of liquid hydrazine 
cannot be studied unless a method can be found to inhibit the rate of 
decomposition on the glass surface. It Will be seen later that methods 
were discovered under this program which do decrease the heterogeneous 
decomposition by another order-of-ftegnitude. 

34 




Quartz ampoules worn employed in Mm experiments at higher temperatures 
because it ia loss likely that strains will develop doping the sealing 
process. It van ekpoetod that this would reduce ompeulo breakage at. the 
higher vapor pressures. The OHn purified hydrazine wee tested at C 
ih 2-mm ID quart: ampoules. The rosults Obtained at 4, 15, 2), 01,. 55, 
and u9 hours gavo an approximately linoar doecuoposltion rate of 2,060 
percent por hour (Table 2 ), It is shown in- Tablo >\ that tne somo average 
rate is obtained with the Olio puriflod hydrazine at ?1Q G In pyrox and 
quartz ampoules if a correction is mado for the difference in the surface* 
to-volame ratio of tho ampoule (Table 2 )| it was shown above that most of 
the reaction apparently occurs on the wall of the reactor. It thus appears 
that quartz and pyrox surfaces arc comparable in activity as sitos for the 
heterogeneous decomposition of hydrazine. The RPL purified hydrazine also 
gives about the some rate iu pyrex at 205 C (Tables 2- and 4 ). 

TABLE A 

COMPARISON OF RESULTS OBTAINED IN 
QUARTZ AND PVREX AMPOULES 




Temperature , 

c 

Average Rate, percent 
decomposed per hour 

Sample 

Ampoule 

1,5 on 

2.0 urn 

3.0 mm 

01 in MathieBon 
Purified 

lyrez 

210 

0.087 

(0.065)* 

(0.043) 

Olln Mathieson 
Purified 

Quartz 

210 

(0.060) 

0.060 

(0.040) 

RPL Purified 

Quartz 

205 

(0.070) 

(0.052) 

0.035 


^Values in parenthesis ore corrected for internal diameter of 
ampoule, assuming the rate is inversely proportional to the 
diameter. 
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Luc ion (Rot* 5 ) Has published data Which indicate that the rate of thermal 
decomposition of liquid hydrazine is strongly pressure dependent at temper- 
atures around 250 C. Experiments wore conducted with the RPL purified 
hydrazine to determine if this reported pressure effect is real (liquid- 
phase reactions are not expected to shew a marked pressure dependence). 

The initial pressure was varied by the addition of the inert gas argen to 
each ampoule. The results of these 5-hour experiments at 246 C are pre- 
sented in Table 5 (hydrazine volume of 0.126 milliliter and ullage volume 
of 0.75 milliliter): 

TABLE 5 

EFFECT OF PRESSURE ON DECOMPOSITION 
RATE OF PURIFIED HYDRAZINE 


Experiment 

initi&l ArgOh 
Pressure, psi 

rniti&l Tdtfil 
Pressure, psi* 

Decomposition, 

percent 

736 

0 

340 

1.18 

737 

0 

340 

1.54 

735 

131 

471 

1.36 

740 

170 

510 

1.76 

741 

166 

506 

1.31 

744 

264 

604 

1.16. 


^Initial Orgon pressure plus hydrazine vapor pressure 


These resuitB clearly demonstrate that the rate of hydrazine decomposition 
is not pressure dependent. According to Laden's results (Ref. 5 ), the 
rate should increase dramatically when the total pressure minus the vapor 
pressure of hydrazine drops beiow about 100 psia r and an explosion should 
occur below 10 psia. Because all of our experiments start with Only the 
vapOr pressure of hydrazine , they should therefore immediately explode-- 
Which they do not. The rates reported by Lueien at 250 C are higher by 
f&Ctors Of 7 to 15 than those reported here under similar conditions. 
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Effect of Mercury 


Experiments were conducted to- determine whether mercury (the confining 
medium in Lucien's apparatus) Catalyzes the decomposition of hydrazine. 

At 246 C, the addition of 0.4, 0.8, and 1.1 milliliter of mercury was 
found to have no influence upon the. rate of decomposition of RPL purified 
hydrazine. Rates of 0.25 percent per hour were obtained with mercury 
added and in glass ampoules alone. 

Effect of Ullage 

A set of 5.3-hour experiments was conducted to determine the effect of the 
ratio of gas ullage to liquid hydrazine volume upen the decomposition rate 
of RPL purified hydrazine at 242 C. An appreciable contribution of vapor- 
phase reaction under these conditions would partially explain Lucien's 
pressure effect because the ullage volume in his system was iuversely 
proportional to the pressure (under his constant pressure conditions), 
the results obtained are presented in Table 6 . 

TABLE 6 

EFFECT OF ULLAGE VOLUME ON DECOMPOSITION 
RATE OP PURIFIED HYDRAZINE 


Experiment 

Volume 

Hydrazine, 

milliliters 

Volume 

Ullage, 

milliliters 

Final Total 
Pressure, 
pai* 

Final Product 
Gas Pressure,* 
pai 

Decomposition, 

percent 

724 

0.126 

0.744 

363 

51 

1.18 

723 

0.376 

0.5^9 

478 

146 

0.80 

7*6 

0.376 

0.556 

488 

156 

0.87 

727 

0,753 

8.130 

1197 

865 

0.58 

728 

0.753 

0.088 

1672 

1340 

0.61 


♦Product gas pressure plus hydrazine Vapor pressure. Aonsnia ii assumed 
to have a low solubility in hydrazine St this temperature. 
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These results could be construed as indicating a slight pressure effect, 
However, the previous set of experiments shows that this is not the case. 
The results of these experiments indicate that vapor decomposition in the 
reactor ullage is not negligible with purified hydrazine at this tempera- 
ture, but the majority of the reaction does occur in the liquid phase* 

Discussion of Lucien^ Results 

Lucien (Ref. 5 ) studied the isothermal, constant pressure decomposition 
of hydrazine and of hydrazine-ammonia mixtures. His apparatus consisted 
of a glass J-tube immersed in a constant temperature bath. The bottom 
of the J wad filled with mercury. The upper part of the short leg was 
the reaction chamber and in the long leg a constant nitrogen pressure 
was maintained above the mercury column. 

No explanation is evident which will explain all of Luciens results; he 
found a marked pressure effect, an inhibiting effect of ammonia, and* a 
very high activation energy of about 72 kcal/mole.. It is possible, how- 
ever, that he may have befen measuring mainly a vapor-phase reaction in 
the reactor ullage because his ullage volume was not fixed (as in this 
study), but rather, varied' inversely with the total pressure on the system. 
This would not explain, however, why he obtained higher rates than reported 
here, in the earlier part of some of his experiments where the ullage volume 
to liquid volume was the Same as in the sealed ampoules. 

It is boSsible that ammonia inhibits the decomposition of hydrazine Vapor 
but not the liquid-phase decomposition. If Lucien were measuring a vapor- 
phase reaction, he would then observe an inhibiting effect of ammonia 
wherea^ ammonia would not affect the decomposition Of propellant-grade 
hydr&sine because the ullage reaction is negligible Under these conditions. 
Ammonia would have a better chance of inhibiting the Vapor-phase reaction 
because at these high temperatures, most of the antaonia present in the 
system will be in the gas phase rather than dissolved in the hydrazine 
liquid phase. 
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ElbeXsteirt (Reft Vi) concludes that Lucian was probably measuring a vapor- 
phase reaetidn* Ho proposes the following mechanism: 


N 2 H^ (liquid) — 

— N 2 H 4 * (gas) 

(9) 

N 2 V * 2NH 2 


( 10 ) 

N^* * X 

n 2 h 4 + X* 

(11) 


He attributes the decrease in reaction rate with increasing pressure to 
reaction (ll)* 

Eberstein accounts for the high activation energy observed by Lucien by 
adding the heat of vaporization to the bond dissociation energy of hydra- 
zine* A simpler mechanism, in which the hydrazine vapor decomposes by a 
first-order process with an activation energy of 60 kcal/mole, would give 
the same apparent activation energy (70 kcal/mole) because the concentra- 
tion of hydrazine would be maintained at its vapor pressure* There is a 
problem with, this mechdnismi however* Shock tube data have shown that 
the homogeneous vapor-phase decomposition of hydrazine would be slow at 
these temperatures, and a heterogeneous vapor decomposition reaction would 
be expected to have a considerably lower activation energy* 

4 

Stoichiometry 

It may be seen from Table 2 tbat the amounts of hydrogen fdrmed from the 
decomposition of the purified hydrazines are, on the average, higher than 
from propellant-grade hydrazine ito pyrex ampoules. The percent hydrogen 
ranged from 14 to 3l with the Olin purified hydrazine (j* to 9 W P .rcent 
anmonia decomposed) and from 1 to 37 f»i*cent with the RPL purified hydrazine 
(6.2- to 12-percent ammonia decomposed). 
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RATE ANf) KINETIC PARAMETERS OF 
HETEROGENEOUS DECOMPOSITION 


The kinetic* of the heterogeneous decomposition of liquid hydr&fcihe on 
metal surfaces was investigated in some detail because this is the mode 
of decomposition most likely to be of practical interest* fyrex ampoules 
were again employed but in this case each ampoule contained a metal speci- 
men in contact with the liquid hydrazine* In most experiments, the metal 
was in the form of a tube open on both ends and having a geometrical bus*- 
face area of 1.0 cm (compared with the approximately 4 cm of glass in 
contact with the liquid), and the ampoule contained 0.3 ml of hydrazine. 

It was found, as anticipated , that the heterogeneous decomposition rate ia 
markedly affected by the type of metal employed and by the procedure used 
to clean and treat the metal specimens. Data illustrating this effect will 
be presented later in this section. 

A "standard" metal surface was employed. for many of . the experiments relating 
to heterogeneous decomposition »0- that the effects of parameters other than 
the type and condition of the surface could be compared. The metal chosen 
for this was type* 321 stainless steel which had been cleaned in boiling 
trichloroethylene, passivated at room temperature in propellant-grade hy- 
drazine for 24 hours, rinsed in distilled water, and dried. It was beyond 
the scope of this program to determine the optimum alloys and cleaning pro- 
cedure with respect to Compatibility with hydrazine. It should not be 
construed, therefore, that this standard metal surface necessarily repre- 
sents the Optimum condition for storage of hydrazine. For these standard 
condition testa, the ampoules (bbt net the metal specimens) Were cleaned 
in aqua-regia as usual, and both the ampoules and the specimens were 
passivated with hydrazine. 

The uae of the standard 321 stainless-steel surface turned Out to be in- 
convenient in one respect. With propellant-grade hydrazine , the increase 
in the decomposition rate resulting from the addition of this surface was 
about the same as the rate obtained in the empty, passivated pyrex ampoules 
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result Lor in rather sizeable blank corrections tinder these conditions. 

It will be seen, however, that undermost of tte other conditions inves- 
tigated, the rate in the absence of the. metal surface was considerably 
slower than with the standard metal Surface present. A metal less com- 
patible with hydrazine than 321 stainless steel could have been Used but 
this would have given conditions much different from those of practical 
interest. 

RESULTS: PROPELLANT- GRADE HYDRAZINE ON 

STANDARD 321 STAINLESS STEEL 

The kinetic parameters were measured in the presence of the standard 321 
stainless- steel surface over a range of temperatures, and 128 C was selected 
as the most convenient temperature for studying the effects of parameters 
other than temperature on the heterogeneous decomposition rate. 

The results obtained with propellant-grade hydrazine under these conditions 
are presented at the top of Table 7 . All of these data were obtained under 
the standard conditions described above. The total percent hydrazine decom- 
posed (before correcting for the amount which would have decomposed in 
the absence of the metal specimen) are plotted as a function of heating 
time in Fig. 8 (upper curve) for the experiments at 128 C. It may be Seen 
that the heterogeneous decomposition rate on metal appears to be approxi- 
mately linear with time (with a slight indication of an induction period). 

The dotted curve in Fig. 6 represents the reactioh rate with prOpellant-grade 
hydrazine in the absence of metal surface (this curve is taken from Fig. 4 ). 
The average heterogeneous decomposition rate for propellant-grade hydrazine 
at 128 C was obtained from Fig. 8 by taking the differehce between the slope 
of the upper line and the average slope of the dotted curve (blank conditions). 
This value of 0.DO24 percent decomposed per hour is plotted (□) at 128 C 
in the Arrhenius plot of Fig. 6. It happens to fall in the Center of the 
range of values which represent the decomposition rate in the ampoule alone 
at various heating times. 
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ULTS WITH STANDARD 321 STAINLESS STEEL SURFACE (l cm 
OF SURFACE: AND 0~7 cc OF LIQUID’, UNLESS SPECIFIED) 
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Figure 8. Hydrazine Decomposition Hate in Presence of Standard 321 Stainless-Steel 
Specimen at 128 C 




Hffeet of Temperature 

The remaining da ta with* propellant-grade hydrazine ip Table 7 , obtained 
at temperatures other than 128 C, are Corrected for the blank decomposition 
rates as described in the footnotes of the table, and are also plotted in 
Fig. 6 . The corrected rated at 171 t (ninth column of Table 7 ) are ap- 
proximately linear with time (within the scatter of the results) and have 
an average value of 0.007 percent per hour (which is plotted in Fig. 0 ). 
The heterogeneous rate at 187 C appears to increase with time with an 
average value of 0.13* The corrected rate is 0.19 at 203 C and the average 
value at 227 C is 0.91 percent per hour. 

The single experiment at 90 C in which the area of the standard metal spe- 
cimen was 1 cm 2 (Experiment 720 of Table 7 ), gave a heterogeneous decom- 
position rate of 1.5 x 10 percent per hour and this value is plotted in 
Fig. 6 using the Symbol □. However, the three experiments at 90 C in 
which the size of the specimens were increased to a geometric surface area 

O 

of 3 ctsT gave Sn average corrected rate of 1.7 x 10 , which is about the 

2 

Same as waft obtained with a 1 cm specimen. This rate was divided by 3 
before plotting ill fig. 6 because the rates listed there ure in percent 
per hour per cm 2 of metal Surface; the resulting value represented by the 
symbol <X>, of course falls below the other point. This suggests the int- 
eresting possibility that the observed "heterogeneous" decomposition rate 
is not directly proportional to the area of the metal Surface which is 
present. This effect was investigated in detuil und the results, presented 
in the next section, indicate that this is the cose.* 

The activation energy for the heterogeneous decomposition of propellant- 
ijrade hydrazine ori 321 Stainless steel, Obtained from Fig. 6, is 22.7 
kcftl/mole (compared to a Similar activation energy of 20.9 kcul/raol e 
obtained in the absence of metal. 

*To Simplify the discussion, the term heterogeneous decomposition is used 

throughout this report even thotigh part of the effect of a metal surface 
Pay result from the introduction Of impurities which catalyze the homoge- 
ious reaction. 

h6 


JPL technical Memorandum 33-561 j 

4 



Effect of Metal Surface Gcoa o^y 


A series of experiments was conducted to determine the effect of varying 
the total surface area and geometry of the standard 321 stainless stool 
specimens upon the rate of decomposition of propellant-grade hydrazine 
at 128 C. It was of particular interest to determine whether the decom- 
position rate is proportional to the surface area of the metal and if the 
decomposition ocours more rapidly at the freshly cut end of the specimen. 

The procedure consisted of cutting a l/16-inch >21 stainless Steel tubing 
into sections having total surface areas of 1 and 3 cm 5 *, respectively. 

The surface area and geometry was. varied by changing the number and size 
of sections added to each ampoule. The specimens and ampoules were cleaned 
and passivated with hydrazine in the usual manner for the Standard condi- 
tions, and the ampoules were heated for 24 hours at 128 C. The results 
are presented in Table 8 . 

The results in Table 8 are somewhat inconclusive because of the scatter 

in the data and the rather large blank, correction-. When the number of 
2 

l-cm sections is varied, the corrected rate is approximately proportional 
to the number of specimen sections present. However, the rate in the 
presence of one specimen with a total surface area of 3 cm is about one- 
half that obtained with three 1-cm^ specimens. 

One explanation of these results would be that the decomposition occurs 
more rapidly on the ends of the Specimen which were cut during their 
preparation (from long tubular stock). Anbther possibility is that all 
of the increase in rate when metal specimens ore added does not come from 
simple heterogeneous surface decompositieb but instead some of the increase 
results from the dissolution of trace metal impurities into the liquid. 

This latter process could occur more rapidly at the cut ends of the 
specimen. 

The possibility that trace metal contaminants play a major role in the 
decomposition of hydrazine ia in agreement with some Of the results, reported 
irt later sections, which relate to the role of impurities and to reaction 
mechanism. 
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Stoichiometry 


It oay be seen frdmTablo 7 that, with the CXcoption of oho experiment , the 
percent hydrogen fOraed from propellant -grade hydrazl&o in tbo presence of 
a standard 321 StAinlCss-steel specimen ranged from 3 to 12 pOroont. This 
eorresponds to 0*3- to 2,4-percent ammonia decomposed, 

RESULTS : KJRIFIEO HYDRAZINE ON STANDARD 

321 STAINLESS STEEL 

The results obtained with the RFL purified (distilled) hydrazine at 128 C 
with 321 stainless steel are listed In Table 7* The total percent decom- 
posed in each experiment (uncorrected for reaction In the absence of the 
metal specimen) are plotted in Fig. 8. As shown In Fig. 8, the purified 
hydrazine decomposes more slowly than propellaht-grade for about 1 day and 
then its decomposition rot* becomes about the same. Os that of propellant- 
grade hydrazine, It may be recalled that in the absence of the metal 
surface, the purified hydrazines decompesed- at rates which were nearly an 
order*" of- magnitude lower than those, obtained- with propellant-grade hydrazine. 
Data from Table 2 are plotted in the lower curve of Fig. 8, It may be seen- 
that enly_ in the absence of a metal surface does the distilled Vvdrazine give 
a 8lgni- ^cantlv lower docomnoalilnn rate then JCflPftllaaiaggada. 

The fact that the rate with purified hydrazine in the presence of a. metal 
surface increases after about 1 day (Fig. 8) presents again the possibility 
that sene very effective trace impurity is being leached out of the alloy 
during this period. It might reach its "solubility limit" after 1 day at 
which time the purified hydrazine would then behave as does propellant-grade. 

Another possible explanation, which does not easily account for the lew 
initial rate with purified hydrazine, is that the rate of the heterogeneous 
decomposition reaction on metal is independent of the purity of the hydrazine 
whereas the decomposition which occurs in the absence of the metal- surface 
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is impurity- catalyzed. If this explanation- is correct, it is merely a 
coincidence that propellant-grade hydrazine decomposes At about tho stuno 
rate and with the same activation energy both in tho presence and absonco 
of a metal surface# Howovor, this Would net appear vory probahlo. Also, 
it will bo shown later that the rate in tho prosence Of a metal surface can 
bo reduced by about an OrdOr-ef-magnitude by pretroatirig the hydrazine with 
BaO> 

Stoichiometry 

It may be Been from Table ? that tho percent hydrogen formed from RPL 
purified hydrazine in the presence of 321 stainless Steel ranges from 3 
to 29 percent. This corresponds to 0.$- to 8-percent ammonia decomposed 
(Eq. 6 ). 

RESULTS WITH VARIOUS METAL SURFACES 

During the course of this investigation, data was obtained pertaining to 
the rate of hydrazine decomposition on a variety of. metal surfaces other 
than the Standard 321 staihleBS-steel surface for which the results have 
Already been presented. The results obtained with various metals are 
presented and discussed in this section. No effort was made to optimize 
the cleaning and passivation procedure for any of the metals. Therefore, 
the results presented here- far a given metal or alloy should not be taken 
as having established its utility for use with hydrazine. This is partic- 
ularly true because it was found thai the cleaning and passivation tech- 
niques employed with a given metal surface could markedly affect the 
hydrazine decomposition rate. 

The results with various metals will be presented in approximately the 
order in Which they were obtained, because Some changes were incorporated 
in the procedure employed daring the course »f the investigation. 
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Berylllum/Propcllant-arade Hydrazine. 91 C 


Initial experimente wore conducted with "as-received" beryllium wire. It 
waa found that the wire Was covered with a coating which- flaked off when 
placed in hydrazine. When the hydrazine waa outgAaaed , bubbling occurred 
both at the ourface of the wire and oft the flakoa of coating which had 
fallen to the bottom of the tube. Three of the tubea were aealed after 
outgaseing and stored at room temperature. They were opened after 2, 

1?, and 840 hours and had undergone 0.07- , 0.04- , and 0. 61-percent decom- 
position. respectively, indicating that a slow reaction continued at room 
temperature. A fourth ampoule was heated for 2 hours at 93 C and then held 
at room temperature for 39 days (gas measuring system Was being remodeled). 

It underwent l.B-^ercent hydrazine decomposition. 

These results with "as-received" beryllium are not considered -partie' 'arly 
significant because it became obvious that some type of eoating was initially 
present on the wire. 

Al. Nl. Fe/Olift Purified Hydrazine. 171 G 

A series of experiments was conducted to determine the rate of decomposition 
of liquid Olin purified hydrazine on the surfaces of high-purity Ni, Pe, and 
Al wires. A 3-centimeter length of wire was immersed in 0.3 milliliter of 
the purified hydrazine in each glass ampoule (four ampoules for each metal). 

The wires were i millimeter in diameter. Two different wire cleaning pro- 
cedures were compared to determine if they affected the decomposition rates: 
(l) after 1 hour in concentrated nitric acid, rinse with distilled water 
and oven dry, and (2) scrape with emery cloth and wipe clean. The ampoules 
were all heated to 171 C for 1$ hours. 

The ampoules containing Ni or Pe wire all broke during this heating period, 
indicating that considerable decomposition had occurred (greater than 3 
to 10 percent). However, all of tbo ampoules containing Al wire remained 
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intact and gave the following results: 


Run 

Treatment 

Percent Decomposed- 

■SBsn 

no 

Nitric Acid 

0.32 

mm 

140 

Nitric Acid 

0.30 

PH 

141 

Emory Cloth 

0.58 


142 

Emery Cloth 

0.56 

d 


*Rj is rate in the presence of Metal, Ho is rate 
in the- absence of metal (Fig. 8 ) 


The geometric surface area of the aluminum- wire in the preceding experiments 
was 0.95 cto^ compared to the 4 cm^ of. glass in contact with the liquid. 
Therefore, the purified hydrazine decomposes approximately 10 times faster 
(per unit geometric area) on the nitric acid cleaned Al-wire than on the 
pyrex reactor wall 

Al. Ni. go. and. Stain-Loss SteeW 
Propel iant-Crade MMlne. 1?1 C 

The rate of decomposition of liquid propellant-grade hydrazine (L-104A) was 
measured On several metal surfaces at a temperature of 171 C. The metals were 
high-purity Fe, Ni, and Al, and 304, 316, 321, and- 347 stainless steels, and 
the experiments were conducted in 3-millimeter ID pyreX tubing with the 
metal submerged in the- liquid phase. The pure metals were in the form of 
1-uillimeter diameter wire, and the stainless steel was l/lb^inch QD tubing j 
the. metal surfaces were cleaned with concentrated • nitric acid. The heating 
time was limited to O.b hour at this temperature to prevent the ampoules 
from breaking from excess pressure buildup in the presence of the most 
active metal surface (which was Ni in this Series). 

The results of this series of experiments are presented in Table 9 • As 
the metal samples were net all ef the same diameter, the percent decomposi- 
tions in the presence of metal were corrected to a geometric metal surface 
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TABLE $ 


DECOMPOSITION OF HlOPELLANt-GRADE hydrazine 
ON VARIOUS METAL SURFACES 
( 17I 6, 0,6-Hour Hooting Time) 


Experiment 

NO. 


Metal Surface 


None 

None 

None 

Fe 

pure 

Fe 

pure 

Fe 

pure 

Ni 

pur$ 

Ni 

pure 

Ni ( 

pure 

A1 

pure 

A1 l 

pure 

A1 1 

k pure 


jOV Stainless 

304 StainloBS 
304 Stainless 
304 Stainless 
316 Stainless 
316 Stainless 
316 Stainless 
316 Stainless 
321 Stainless 
321 Stainless 
321 Stainless 
347 Stainless 
347 Stainless 
347 Stainless 
347 Stainless 


Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 


Percent 

Decomposed 


0.016 

0 . 00 ? 

0.013 

0*14 

0,13 

0.089 

0.13 

« 


Percent 

Hydrogen 


* Ampoule broke 
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area of l cm?. In lha absence of added metal, the ppopei lent -grade hydras 
eino govo only 0.013-perceht decomposition under these condition*, in this 
aorioB of experiments , and tho noncondvhsabl-o product wan about 30-poroent 
hydrogen and 7Q-pcrccnt nitrogen. 

13)e presonco of tho pure aluminum wire did not ihcreaso tho decomposition 
rote of the propellant-grade hydrazine. It was reportod above that tho same 
aluminum wire did increase tho decomposition rate of the Olin purified 
hydrazine at 171 C, but only by a factor of about 2.b (a direct comparison 
cannot be made because the heating time was 11 hours with the purified 
hydrazine). 

As may be seen from the data in Table 9 the wires of pure Pe and Ni 
increased the decomposition rate by factors of about 100 and 200, respec- 
tively. The percent hydrogen in the gaseous product was small (l to 1 
percent) in these experiments. 

The various stainless steels were found to show marked differences in their 
effect en the rate of hydrazine decomposition. (Table 9 )♦ Th* rates ih- the 
presence of the 30b and 321 stainless steel were about 10 times those in the 
absence of metal. This factor was about bO with 3b7 stainless steel. The 
316 stainless steel gave the highest rate of the stainlesB steels (a factor 
of 130 in one experiment), but the results with this metal wore erratic and 
two of the ampoules broke, presumably from excessive pressure buildup. The 
rate obtained with 321 stainless steel under these conditions (nitric acid 
cleaned and not passivated with hydrazine) are higher by more than a factor 
of 3 than- the rates obtained at 1?1 C with the standard 321 stainless steel 
surface (Table 7 ). 

tA7 and' 321 Stainless Steel/Prooellant- 
CraAe HvdraZlne, 95_S> 

A series of experiments Was conducted at 99 C te determine the decomposition 
rate of propellant-grade hydrazine on 3b7 stainless steel as a function of 
heating time. The metai was cleaned in trichloroethylene add treated with 

5b 
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nitric acid but was net paaciVated with hydrazine. Tbla alley waa found 
(Table 9 ) to have an activity greater than that of 304 and 321 atainloee 
a tool, but lesa than that of 316 stainless ateol (o,6 hour at 171 C). The 
data point a (Fig. 9 ) Were obtained from 4 to 264 hours at 93 C. The 
rcaulta fall on an approximate straight line, with zero intercept and a 
elope of 0.003 percent per hour. The average scatter in the data around 
the lino i« 415 percent. 

Two experiments with 321 stainless steel were included in the series at 
93 6 for comparison with 34? stainless steel under these conditions (Fig. 

9 )• At 94 hours, the percent decomposed was the same with 321 stainless 
Steel as with 347 stainless steel, and at 264 hours the propellant-grade 
hydrazine had decomposed 0.44 percent with 321 stainless steel compared 
to 0.36 percent with 347 stainless steel. 

The rate for 5-21 stainless steel in Fig« 9 is higher than that obtained 
at 90 € under standard conditions (Table 7 ) by about a factor- of 30. 
Presumably, this- results mainly from the difference in. the method of sur- 
face preparation. Also, the blank rates in Fig, 9 are higher than- those 
obtained In passivated ampoules (Fig, 6 ) by about a factor of three. 
However, these blanks Were not high- enough to interfere with the surface 
reaction being measured. 

The above experiments, conducted at 93 C to determine the most convenient 
temperature at which to conduct detailed kinetic studies on these metal 
surfaces, made it evideht that the rate is inconveniently slow at 93 C. 
Calculations based on these results indicated that approximately 130 C 
would be the most convenient temperature. 

Al. Hi. Fe. Be, and Stainless Steels/ 

Prone 1 lent -Grade Hydrazine 

A series of 28-hour experiments whs conducted at 128 C with propellant-grade 
hydrazine to compare various metals at this tengtOrature, Triplicate tests 
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were tun- with taob Of the following metals: Nl, Fe, Al, Be, and 304, 516, 

321, end 347 stainless steel. A general description Af the >00-serios 
stainless steels Used on this program is given- in tho Appendix. The mo tale 
were cleaned with trichloroethylene and troated with nitric acid. All of 
the ampoules which contained Nl, Fe, 316, or 3*7 stainless steel were 
found broken aftor 28 hours of heating. Two of the ampoules containing 
321 Stainless steel and one of the ampoules containing 304 stainless steel 
were broken. The measurement of the products in the remaining intact am- 
poules gave rates which were much higher than expected; in fact, the rates 
were approximately those expected at 170 C. It appears very likely, there- 
fore, that the oven overheated- during the night and returned to- the correet 
temperature by morning. (The blank runs in this Series are also in agree- 
ment with this conclusion.) A temperature recorder was employed in later 
experiments. 

Despite the temperature control problem, the metals rated in this series 
as they had in the previous experiments at 176 6. On- this- basis , one 
result Obtained' is potentially very significant. Beryllium which had been 
cleaned with nitric acid was investigated for the first time in- this series 
and gave decomposition rates approximately equal to those obtained with 304 
stainless steel (about 2-percefct hydrazine decomposed after 28 hours of 
heating)* In Table 9, 304 stainless steel is shown to be one of the least 
active stainless steels. This suggests that the problems involved in the 
uBe of hydrazine in interregsneratively coaled bipropellant engines may he 
eventually overcome. 

347 Stainless Steel/ftconeliant-Grade 
Hvdrazifte. 128 C 

The decomposition of propellant-grade hydrazine on 3^7 Stainless Bteel 
(acid-treated) was determined as a function of' heating time at 128 C. The 
results arc shown on the following page. 
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Experiment 

No. 

Time* 

hours 

Percent 
. Hydrogen 

Pereehh 

Decomposed 

Percent 
Decomposed 
Per Hour 

229 

4.5 

8.5 

0.073 

0.016 

231 

11.3 

3.5 

0.18 

0.016 

232 

23 

(*) 

2.16 

0.094 

233 

31 

1.4 

0.86 

0.028 

234 

*8 

(a) 

1.28 

0.027 

235 

72 

i.i 

3.88 

0.034 

O 

Cl 

144 

2.0 

2.06 

0.014 


It is apparent iron the last column in- the above table that these data have 
a very poor reproducibility even though a Similar series of experiments at 
95 C (Fig. 9 ) had given an excellent linear plot* 

A series of experiments was run with 347 Stainless steel at 128 C with a- 
constant heating, period of- 40 hours to determine the reproducibility on. an 
acid -cleaned 347 stainless steel surface with propellant-grade hydrazine. 
The following results were obtained: 


Experiment 

No. 

Percent 

Decomposed 

Percent 
Decomposed 
Per Hour 

248 

4.5 

0.11 

251 

1.5 

8.038 

a 

CM 

0.86 

0.021 

33 

1 1.8 

0.043 

254= 

1 2.3 

0.038 


The scatter of the results was again excessive* 

It was discovered after these experiments bad been run that the blank rate 
in the absence of metal specimen was Often excessive at 128 G if the pyrex 
ampoules Were not prepasSivated with hydrazine. This effect was discussed 
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earlier la thin report (Pig* 4 and Table l ).. Throe of the experiments 
la Table 1 with unpasS-ivated ampoules- (Experiment* 581 , 522, and- 525) 
gave ratea in the abaonco sf metal o t about 0.025 percont per hour. It 
may bo soon that erratic blanks of this order of magnitude could account 
for the data scatter in the above two tables. 


Three ampoules containing the Olin purified hydrazine with a 347 stainless* 
steel specimen were included in the above series of 40-hour experiments at 
128 C. The following results were obtained: 


Experiment 

No. 

Percent 

Decomposed 

Percent 
Decomposed 
Per Hour 

24 C 

0.30 

0.0075 

241 

1.25 

0.031 

242 

0.58 

0,014. 


The reproducibility was again peer. 

These rates, obtained with Olin purified hydrazine on acid-treated 3**? 
stainless steel, are about three times higher than the rates obtained at 
the same temperature with either propellant-grade- or ftPL purified hydrazine 
on the standard 321 stalhless-Bteel surface (Pig. 8). This difference 
probably results from the difference in the method of preparation of the 
surface. It is possible that the poor reproducibility of these experiments 
also results from high blank rates, but for thiB to be the- case the rates 
must fluctuate to values higher than those of Experiments 255 and 256 in 
Table 2 . 




A series of 48-hour experiments was run at HOC with propellant-grade 
hydrazihe (L-104A) and 54? stainless steel to investigate) the effect of 
the method of cleaning the metal surface. The pyrex ampoules wore not 
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prepays! voted. It) the first six experiments , the metal was ol caned with 
helling nitric acid and ribbed with- distilled water; the overage decomposi- 
tion was 2. I *1.1 porefint. In the ether eix experiments, the surface was 
cleaned with trichloroethylene ; the average decomposition wan only O.fi? 

*0,21 porcont. Tho scftttor in tho data wds excessive in each series, hut 
tho acid donned Apecimons gave the higher avofftge ratoa. 

Expet Amenta wero conducted at 128 G with propellant-grade hydrazine (L-104A) 
to determine tho effect of various treatments of tho 347 stuihlesS-stool 
surface. The results are presented in Table 10. The results obtained 
with aoid-treated v47 stainless steel in tixperimonts 229 through 2 % and 
248 through 254, which wore presented in previous tables, are included at 
the top of Table 10 for comparison. 

In the 17-hour experiments, the mettti was boiled in trichloroethylene, rinsed 
in trichloroethylene, rinsed in aeetone, boiled in acetone, rinsed in acetone, 
boiled in distilled water, rinsed it) distilled water, aid dried. Very high 
decomposition rates wero obtained in these experiments (Table U)). 

The hydrazine passivation technique which was found to be effective for 
the glass ampoules was used with the metal specimens in the first Series 
Of 64-hOur experiments in Table 10, The specimens were cleaned in boiling 
trichloroethylene, dried, passivated with propellant “grade Hydrazine for 
24 hours, rinsed with distilled water, and dried. Much lower rates were 
obtained than With the previous cleaning techniques, but additional experi- 
tmnto would be required at 128 C with trichloroethylene alone to establish 
definitely the effect of prepassivation with hydrazine. 

The lack of reproducibility from ampoule to ampoule ih these experiments 
could result from an actual nonuniformity of the surfaces of the metal 
specimens. To tost this, th«r metal specimens used in the 64^hour experi- 
ments were recleaned in boiling trichloroethylene , passivated in hydrazine 
(5 hours), and rerun with propellant-grade hydrazine (Table 10 ). A direct 
correlation could nut bo established between the relative activities of 
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TABLE 10 


effect of surface Treatment onl decomposition rate 

OF HYDRAZINE ON 3*7 STAINLESS STEEL AT 138 C 


Popeont 

Time, Pope out Decomposed 

Propellant hours Decomposed Por Hour Average 


Propollant 

Grade 

(Lot-104) 


4.5 0.0?3 
11.5 0.18 


0.016 

0.016 

0*094 

0.038 

0.11 

0.038 

0.031 

0.045 

0.058 

0.027 

0.054 

0.014 


0.038 


0.054 


0.032 


fropellont 
Grade 
(Lot- 104) 


Propellant 

Grade 

(Lot-104) 


0.90(A) 
1.09(B) 
1.10C. 
1.22 D, 
1.72(6, 
1.72(6, 


0.014 

0.017 

0.017 

0.019 

0.027 

0.027 


0.020 


Propellant 64 
Grade 64 

(Lot-104) 64 

64 
64 


0.27(A, 
0.31, C, 
0.34(D 
0.34 ,6, 
0.40(F 


0.0042 

0.0049 

0.0053 

0.0053 

0.006} 


0.0053 


Purified 40 
(Oiin 40 
Mathieaon) 40 


0,0075 

0.031 

0.014 


0.018 


^Letter designate* individual metal specimen 


JPL Technical Memcirandurri 33-561 


Surface Treatment 

r ' 1 — 1 ■ 

Metal j Ampoule 


Wash in tried loro- Aqua regia 
ethylene, concen- 
trated HNOj at RT 
for 1 hour, rinse 
with distilled 
water and dry 


Boil in trichloro- 
ethylene, boil in 
acetone, boil in 
water > rinse with 
.-distilled water 
and dry 


Boil in triebloro- Aqua regia, 

ethylene, Ha pas- Hz passivated 

sivated for 24 

hours , rinse with 

distilled water 

and dry 


Rerun of above 
specimens after 
ree leaning and 
passivating in 
hydrazine 


Same as other 
40-hour experi- 
ments at top of 
table 


Aqua regia 





given specimens in the first ftnd Second runs. W was found, however, *hat 
the avcroge decomposition rate in the Second Series of 6V-hour experiments 
Wob only one-fourth that of tbo first 64-bour runs. It appoors that (toft- 
tooting the metal With hydmine ond/er its doeofipocltlon products at I2fl C 
further pftaaivotOB the B»rfaoo. The average rate obtained in- tbo second 
oorioa of 64-hour experiments (0.0052 percent per hour) ie 1 order of mag* 
nitude lower than the rftto with acid-cleaned specimens, and 2 ordora of 
magnitude lower than with trichioroethylone/acotene-clenned 347 stainlcss- 
Btool epocimons, Koto that tho rate obtained in this final aorloe 04 64- 
hour experiments is only Slightly higher than would be expected in the 
absence of o metal specimen (Pig* 4 )• 

The results of Experiments 240 through 242, presented previously, with Olin 
purified hydrastino and ocid-treated 347 stainless steel are listed at the 
bottom of Table 10 for comparison. A very large scatter in the results 
vas obtained. Comparison of these experiments with the 40-hour experiments 
Using propellant-grade hydrazinO (Table 10) indicates that the purified 
hydrassine gives a lower rate when compered under identical conditions. 

nhromel-A. Cn. A1 . Stain less Steels/ 

Prone llaat-Grade Hydrazine. 12S_g 

A final series of experiments was ruh at 128 C to compare the relative 
catalytic activities of several metal surfaces which had been passivated 
In hydrazine for three days at room temperature (after cleaning In boiling 
trichloroethylene). Besults obtained with propellant -grade hydrazine 
(1/-104A) with a heating time of 75.5 hours are shown on the following page; 

The rate obtained with 321 stainless steel (after subtracting the blank) 
is that which would be expected (Pig. 8 ) under these standard conditions. 
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Specimen 

Pop cent 
Decomposed 


Specimen- 

Hero oat 
Decomposed- 

Spec loan 

Percent 

Decomposed 

Chrome 1*A 

1.09 ^ 


321 Stainless 

0,4-7 1 

Fe 

Broke 


2.64 


Steel 

0.43 




2.13 



0.3? 




2.12 



0.31 

Ni 

Broko 

Cu 

1.10 


316 Stainloss 

3.40 




0.89 


8toel 

2.67 

None 

0.26 


0.90 



2.92 


0.36 


0.97 



4.12 


0.32 

A1 

0.9? 


304 Stainless 

0.92 




0.3? 


Steel 

0.66 




0.38 



0.8? 




0.74 



1.12 




0.84 







0.66 







It wad unexpected that aluminum would be more active than -321 stainless 
steel because aluminum Had Shown no effect over pyrex at l?l C (Table 9 ). 

It appears that aluminum requires a rvitrie-acid passivation. It was also 
unexpected that copper would give results similar to those obtained with 
thb stainledd Steels because copper is reportedly incompatible with hydrazine 
(perhaps this is the case at higher temperatures). 

The percent hydrogen in the none jniensable product was measured in a few 
of the experiments listed in the above tables. The values were; Chrome 1 A, 
3*6; Copper, 9.3; aluminumi 14.2; >21 stainless steel, 3.B; 31b stainless 
steel, 1.9 end 3.4; and no metal (blank), 4.6. These values for pereent 
hydrogen again give Very law ealculated values (Eq. 6 ) for the percent 
ammonia decomposed. 

Sodium Hydroxide Passivation 

Hydrazine was shown to be an effective passivating agent fdr glass and 321 
Btaiftless>Steel surfaces. Experiments were eondtteted to determine if a 
Stronger base, 9H NaCK, might not be an even more effective passivating 
agent (the deeomposition of hydrafeine will be shown later to be aCid- 
catalyzed). Hie results of these experiments indicate that hydrazine is 
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rootp effective in passivating a 331 stain lesS-stCel flttrfacp than is con* 
centraied NaOli. A&poulen containing 321 stAinlosS-stopi ApeeiuonA Which 
hud been passivated With propellant-grade hydrazino (2A hours nt room 
temperature) gave decomposition rates at I2fl C, whioh wore approximately 
on o- third lowor than thofio obtained with specimens which had boon pansi- 
vatod in 3M Nattl. Mowover, experiments conducted At )?1 C in glass ampoules 
alone (no metal present) Indicated that 3M Nottl was Blighty moro effective 
than nydrazine in passivating glass. 




It may be concluded that the rate of the heterogeneous decomposition of 
hydrazine eAn vary by one or two orders of magnitude, depending on tho 
type of metal used And tho typo of protroatment employed. These results 
indicate that detoilod passivation studios should be conducted with alloys 
of interest to ensure that reliable otorability of hydrazine can be ob- 
tained and to determine the optimum conditions for long“teria etorage. 
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ROLE OF IMHMT1ES 


On* of the major goale of this program was to determine the affects of 
hydrazine impurities on the kinetics of the homogeneous and heterogeneous 
decomposition reactions. If such effects were found, the reaction mech- 
anisms involved were to be investigated. In addition to the known impur- 
ities in hydrazine, the effects of potential impurities must also be estab- 
lished so that the thermal stability of hydrazine can be predictably 
controlled. This applies also to additives which might be used for various 
purposes (such as to increase the electrical conductivity) and to other 
eomponents which might be added in a mixed hydrazine fuel* 

It was shown in the first section of this report that propellant-grade 
hydrazines decompose in pyrex ampoules (in the absence of a metal surface) 
at rates which are nearly an order of magnitude greater than are obtained 
with samples of purified hydrazine under the same conditions. This would 
indicate that the homogeneous decomposition of propellant-grade hydrazine 
is an impurity -catalyzed reaction. 

It was Shown in the second section of this report that the rate of the 
heterogeneous decomposition of hydrazine on a metal’ surface is a function 
of the purity of the sample under some conditions, but with a well passi- 
vated surface and at long reaction times, the rate is nearly independent 
of tho purity of the sample (Fig. 8). 

Two possible explanations wore suggested for the limited effect of sample 
purity on the heterogeneous decomposition rate: (l) the major heterogeneous 

reaction mechanism is simply not markedly dependent on the ourity of the 
hydrazine, and (2) the purified hydrazine leaches impurities out of the 
metal surface and becomes "impure" hydrazine — at least with respect to the 
critical impurities. The first»explanation is weakened by the fact that 
the kinetic parameters are about the same for the heterogeneous decomposi- 
tion of propellant -grade hydrazine as for the impurity-catalyzed homo- 
geneous decomposition in the absence ef 0 metal surface (this includes 
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the pre-expodential factor and activation onorgy , Pig. 6, And tho overall 
stoiehiomotry). Tho second explanation- in in agreement with- other ob- 
served phenomena (e.g., of feet of Apeeimctv geometry, Tab-le 8 , and the 
reduction in rate when the metal sampled are rerun, Table 10). 

The first approach to establishing the role of impurities with respect to 
the thermal stability of hydrazine was to determine the major impurities 
and investigate their effect on the decomposition rate. The results of 
the analyses performed on a variety of hydrazine samples were presented 
in Table 3, and the details of these analyses ure presented in a later 
section of this report. The impurities identified ib the propellant-grade 
hydrazines are: water, ammonia, aniline, toluene, iron, and earbazic acid 

(NgH^COOH, the reaction product of hydrazine and COg). 

The effect of NH^ was reported earlier because it is also a decomposition 
product of hydrazine. It was found not to affect the decomposition rate 
under the conditions investigated. The results obtained relating to the 
other impurities, and also to potential impurities, are reported here. 

EFFECT OF ANILINE 

Aniline is present at a concentration of about 0.5 weight percent id com- 
mercial hydrazines because it is added to azeotrope the water from the 
crude hydrazine. It may be seen from Table 3 that a single distillation 
(RPL purified) is not particularly effective in removing the aniline, but 
the process used to prepare the Olin- purified sample (fractional crystal- 
lization) reduces the anilide content to about 50 ppm. Aniline contents 
as low as 5 ppm have been obtained by double distillation from CoH-g 
(Ref. 15). 


Three experiments were conducted at i?l- C with 0.5 weight percent aniline 
added to the Olin purified hydrazine and two were conducted with 1.2- 
percent aniline. The results are plotted in Fig. 7. The upper curve 
drawn in Fig. 7 is copied from Fig. 3 for comparison and represents the 
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average decomposition- rate (or the propellant -grade hydrazine*. It nay bo 
ioOn that within the normal scatter of those experiments, tho aniline did 
not affect the- decomposition rate appreciably. Tho rates with added ani- 
line were, on the average, slightly highor than were obtained without 
added aniline, but the rates Certainly did not approach those obtained 
with propoll ant -grade hydrazino. 

The values for percont hydrogon In the noncondcnsable products obtained 
when aniline was added were 18,1, 15.6, 10.9, and 18.1, 

EFFECT OP WATER 

The effect on the decomposition rate during the first 20 hours at 128 C 
of adding distilled water to the Olin purified hydrazine is Bhown in Fig. 
7. The addition of 0.5 or 2* 1 weight percent water markedly increases 
the decomposition rate but not to that of propellant-grade hydrazine. 

For some reason, the addition of 1.2 percent water hod little effect on 
the rate. 

Two experiments of 92 hours duration with- 0.5 and 2.1 percent added water 
gave decomposition values of 0.84 and 0.9l percent, respectively. These 
values cannot be plotted in Fig. 7, but comparison of these Values with 
Fig. 2 demonstrate that although the addition of water- appreciably in- 
creases the decomposition rate, tho rate is only about one-half that of 
propellant -grade hydrazine. 

It is possible, of course, that the increase in rote which does occur 
results from impurities in the distilled water rather than from the water 
itself. Two experiments were conducted in which 0.72*percent tap water 
was added (Fig. 7). These gave rates in the same range as was obtained 
with added distilled water. 

The values fOr percer hydrogen obtained in the experiments with added 
water were & 2.4, 12.1, 24.1, 19.1, and 9.5* 
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COMBINED EFFECT W water. AMR ANILINE 


Because neither water ner aniline lncreafiotl tho decooipoBition rate of 
purified hydrazine to values approaching that of propelifint-grodo hydra- 
zine, water and anilino wore added together to determine if they exhibit 
n synergistic effect. The. three experiments with- 1,0-pereont water and 
0.5 -percent aniline in combination (Fig. 1 ) showed no ovidenco of a syn- 
ergistic interaction. The effect was about the same as with added water 

alone. 

EFFECT OF TOLUENE 

Toluene was addod to the purified hydrazine At a concentration Of 400 ppm 
in three experiments. The results (Fig. 7) showed n possible small cata- 
lytic effect of toluene, but it Was not sufficient to account for the ob- 
served lower thermal stability of propellant-grade hydrazine. 


EFFECT OF SOOIUH CHLORIDE 

Att analysis Of propellant-grade hydrazine conducted at Edwards Rocket Pro- 
pulsion Laboratory did not disclose the- presence ef many metal ions. It 
did, however, reveal in one sample the presence of eodium and chloride 
ions at concentrations of approximately 20 ppm each. Therefore, six 32- 
hour experiments wore conducted at 171 C in which On aqueous solution of 
NbCI wad added to the purified hydrazine. The first two, in which 0.5 percent 
water and 20 ppm Na Cl werO introduced, resulted in decompositions of 
0.22 and 0.20 percent. In the other four experiments, 1.2-percent water 
and 43-ppm NaCi were added. These resulted in decompositions of 0.27, 

0.24, 0.27, and 9.31 percent, respectively. 

Comparison of these values with Fig. 7 indicates that the addition of 
NeCl did not increase the decomposition rate; in fact, the rates did not 
increase as much bS would have been expected for the addition of- these 
amounts of water. It will be Seen in the later section on mechanism 
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investigation (Fig. 14) that increasing the tonic strength by the addition 
of these amounts of NaCl would decrease the rate by 30 pereent and $0 
percent, respectively (bocauso of the typo of ionic reaction which is 
occurring if the Itt*L purified And Olin purified materials decompose by 
the same mechanism). This apparently mitigates the effect of the added 
water in these experiments. 

E'fECT OF SOLUBLE IRON 

It may be seen from Table 3 that 1.0 ppm of iron was found in the L-104A 
and L-1Q4D propellant-grade hydrazines but none was detected in the RFL 
propellant-grade samples. To determine the effect of added soluble iron, 
FeCLj was added to the RPL purified hydrazine and the percent decomposition 
measured after 17 hours at 1?1 C in the absence of a metal surface. The 
following results were obtained: 


Experiment 

No. 

Concentration 
of FeCl-j., 
miltimolar 

Concentration 
: of IrOn, ppm 

Percent 

Hydrazine 

Ddcompdsed 

■sm-m 



1.5 

1 



3.2 


■891 

1 

4.6 


These results indicate that the ferrous ion Is a catalyst for the decom- 
position of hydrazine; it is expected that the ferric ion vill be reduced 
to ferrous in hydraaino and a rapid evolution of gas was noted, during 
sample preparation* An ionic mechanism is proposed later in this report 
which could account for catalysis by the ferrous Ion. 

It the rate of the iron-catalyzed reaction is directly proportional to 
the concentration of added FeCl^, the above results predict the percent 
hydrasine decomposed in 1? hours, will be about 0.05- pereent per ppm of 
iron. The blank rates under these conditions givs about 0. 07-percent 
deeoB^ositlOn in 17 hours, Indicating that 1 to 2 ppm of iron impurity 
vould deed to be present to account for the decomposition rate of purlfiod 
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hydrazine In the absence of a metal surface } about 1$ ppra would be required 
to decroase tbo thermal stability to that of the propellant*»g>?ado hydrazine# 
It ean be seen from Table 5» however * that the Iron content of the RPL 
purlflod hydrazine is likely to bo less than 0*1 ppm* ahd that of the 
propellant-grade hydrazine is only 1 ppm or lees# 

If dissolved iron it&elf is Involved f several possibilities exist with regard 
to its potential detrimental role*. The first possibility is that the effect 
of iron is not a linear function of concentration* the first traces of iron 
being relatively more effective than higher concentrations* Another possi- 
bility , based on the ionic meehaniSm proposed later in this report , 1 b that 
the iron impurity reacts synergistic ally with acidic impurities and the 
overall effect of added iron is not a simple function of the amount of Iren 
present* 

It is possible that another trace metal impurity* such as nickel* has a 
similar catalytic effect toward the decomposition of hydrazine but is effec- 
tive at lower concentrations# 

EFFECT OF SOLUBLE COPPER 


A similar series of experiments was conducted with CuClg added to the R£L 
purified hydrazine to determine if soluble copper affected the decomposition 
rate* Audrieth (Ref* 16) found that dissolved copper is a specific catalyst 
for the oxidation of hydrazine* The following 17-hour experiments at 171 C 
were conducted to determine if copper had a similar effect on the thermal 
decomposition in the essence of oxygen: 


Experiment 

No, 

Concentration 
o# CuCl , 
mlllimolSr 

Concentration 
of copper, 

ppm. 

1 Percent 
Hydrazine 
Decomposed 

$20 

0.43 

2? 


921 

0,43 

27 



Because blank rated of 0*05 to 0*10 percent are usually obtained under 
these conditions* added CuCl 2 does not affect the decomposition rate 
appreciably. 
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EFFECT OF CARBAZIC ACID 


It was repotted previously that carbazic acid, NgHjCOOtt, is a Common impar- 
ity in propel lant-gradc hydraziuo (Dei. I - ?). Because CQg. reacts rapidly 
with hydras i no to form carbazie aeid, the carbazic acid could come from 
the contact of hydrazine with air. It can ho calculated, however, that 
hydrazine must contact considerable amounts ef air to accumulate appre- 
ciable quantity of carbazic acid because air contains only 31 ? ppm COg. 

A sample Of carbazic acid had been synthesized and purified for another 
purpose under a Rocketdyne IR&D program by reaoting an ekcess of CQg with 
an aqueous solution of hydrazine (Bef. 18). This Available material was 
used en the present program to determine the effect of the potential im- 
purity, carbazie acid, on the thermal stability of hydrazine. 

The effect of adding 1 Weight percent carbazie aeid to the BPL purified 
hydrazine was investigated in a series of 66-hour experiments at 171 C 
in prepassivated py'rex ampoules. The following results were obtained: 


Experiment 

No. 

Percent Hydrogen 
in Noncondensable 
Product 

Perceht Hydras ine 
Decomposed 

430 

23.3 

2.00 

431 


Ampoule Broke 

432 


Ampoule Broke 

453 

24.0 

2.04 


Two ef the ampoules broke, presumably from strains in the gloss, and the 
sample in the remaining two had undergone 2-percent decomposition. The 
blank rune in this series were Experiments 434 through 43? in Table 2 
These gave an average decomposition of P.J9 percent in 66 hours in the 
absence of added carbazie aeid. Thus, the addition ef 1 percent weight 
carbazic acid increases the decomposition rate by a factor of 3 in the 
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absenao of a octal surface. The rate obtained with 1 -percent earbazic 
acid in purified hydro* i no is about the same as that obtained With 
propel Inn tirade hydraZino (Fig. 2) under the aaoo conditiono. 

All acids, including carboxylic acids such as earbazic, are oxpocted to 
react coopletely in hydrazine (Rof. 19} to form the NgU^* ion and the 
corresponding anion (e.g,, NgHjCOQ- front curbazic acid). Tho possibility 
had been suggested previously that the presence of the NgH^ 4 ion is 
involved in the decomposition Of hydrazine (Ref. 15). 

The addition of 1 weight percent earbazic acid to hydrazine should result 
in the Bame solution as would bo obtained by allowing Q.58 weight percent 
C0 2 to react slowly with hydrazine. The concentration of the Ngllj. ion 
would be 0.15 molar in this solution. 

A method of measuring earbazic acid in hydrazine was developed and the 
results obtained are included in Table 5. The method, described in 
detail- later in this report, is similar- to that- employed in Ref. 16- and 
is not necessarily completely specific to earbazic acid. Therefore, the 
earbazic acid values in Table 3 , 250 and 150 ppm, Can only be- considered 
upper limits. Data- will be presented which indicate that the actual 
earbazic acid concentrations ale even lower than those Values. 

A series of experiments was conducted at 128 C with the RPL-purified 
hydrazine to determine the effect of tho cohcontration of added earbazic 
acid both in the absence and presence of the standard 321 stainless-steel 
surface. 

It may be seen from the results in Fig. 10 that in pyrex ampoules at 128 C, 
the addition of 0,12-percent earbazic acid to the RPL-purified hydrazine 
decreased the decomposition rate slightly at the shorter -heating times, 
and hhd little effect at Idnger times. The addition ef 1.2--percont 
earbazic acid under these conditions (128 (?) increased the rate of 
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decomposition by o factor of about tbrert, The saalo oboeoh in Fig* Id io 
the oaao ao that of Fig. 4 , for comparison. Logarithmic ocaloa wore 
used in thcao figures because a wide range of eonaontrations and doeoroposi- 
tion rates wore to bo compared. 

In the presence of tho standard passivated 1 stainless-stool surface, 
the effect of added carbazic acid (Fig. 11) was much greater. At a con- 
centration of only O.12-percont carbazic acid, the rate at 128 C increased 
by more than a factor of 100. The addition of 1.2-percent carbazic acid 
increased the decomposition rate on 321 stainless stool by more than a 
factor of 1000. The rate at the higher carbazic acid concentration was 
increasing exponentially with time and would huve reached 100-percent 
decomposition ill a few more hours. The values for percent hydrogen in 
the noncondensable product were only 1.5* 1.2* and 1.3 in the experiments 
with 1. 2-percent carbazic acid in the presence of a metal surface. 

The' results with added carbazic acid in Fig. 10 and 11 demonstrate that 
the increase in rate is much greater in the presence Of a metal surface. 

It appears that, with a metal surface, only about 100 ppm of carbazic 
acid would be required to increase the decomposition rate of the purifind 
hydrazine to that of propellant grade at the shorter heating time (Fig. 8). 

The presence of a metal surface could promote the effect of carbazic acid 
either through an acid-catalyzed, heterogeneous reaction ott the metal sur- 
face or by introducing a trace metal impurity into the liquid, if this 
impurity enhances the effect Of the acid (as will be shown later to prob- 
ably be the case). 

The catalytic effect of other acidic materials and the possible mechanisms 
involved will be presented in later sections. 
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MLTII0DS OF (iQNrBJTHATlM lMl’UlUf iKfi 


Stability of tho Olln Mother Utimu: 

A Hump lo was received of tho raethor liquor from the OliM purif iCntiou 
process (fractional crystallisation!. This mater lol would bo oxpootod 
to contuin morn impurities than ovon propellant-grade hydrazine. It was 
run in nix passivated ampoules for SlO hours at l7l 0. Throw of tho 
ampoules broke and tho remaining throe gave decompositions of 1.3* 1.6* 
and 1.3 percent, rAspoctivaly. This is Hourly twice tho rate at which 
propel laht-grude hydrazine decomposes undor these conditions (l'lg. 3 )• 

An analysis of this mother liquor gave the following results (Table 3 )t 
94.5-poreent hydrazine, 4.7-percent water* O.OJ-percont ammonia, 0.74- 
perccnt aniline, and 26-ppm tolueue. Although this decrease in purity 
from that of propellant-grade hydrotine would appear to be compatible 
with the lower thermal stability, the situation is the same as with 
props 1 lant'-gbade hydrazine in- that none of the identified- major impurities 
would be this deterimental (based on the results obtained On this program). 
It is likely, tberefo-re, that an acidic or trace metal impurity is also 
concentrated in the mother liquor and thiB (these) species determine(s) 
the thermal stability. 

Partial Evaporation of Prone llaat-Orade Hydrazine 

Two 1-hour experiments were conducted in which 40 percent of the hydrazine 
was pumped off before the ampoules were sealed. These experiments, at 
171 C in the absence of a metal surface, gave a rate about twice that of 
two blank experiments which were run at the same time. 
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BM OF ACIDIC ADDITIVES 


It Wat shown in tbo previous aoetion that added earbasie acid markedly 
lovora the thermal stability el liquid hydros ino, particularly in the 
presence of a metal surfoco. It was pOaslb-lo that this la a spooifio 
of loot with earbasie aeid. However, tho experiments reported in this 
aoetion demonstrate that all aeidle additives are capable of reducing 
tho thermal stability of hydrdsino. Had earbasie acid boon unique in 
thin respoot, a mechanism involving the decomposition of tho NgH^GCO’ 
anion would have boon indicated (with the rolased C0 g reacting again 
with hydrasino to form oarbosio aoid). Decauao it was found instead 
that all acids ore detrimental , a mechanism involving the N2H3* Ion ie 
lndloated. 

ADDED HGI AMD AMM0M1UM CHLORIDE 

Solutions containing. I -weight percent HC1 were prepared by adding con- 
centrated- HCl (Allied 37. 5- percent) to- the 01 in purified- hydrazine. 

Because the addition ef 1 -percent HCl by this method entailed the inci- 
dental addition of 1.6-percent HgO, two samples also were prepared Con- 
taining this concentration of HgO. After 2.8 hours at 171 C in passivated 
pyres ampoules, one acidified sample had undergone 4.6-percent decomposi- 
tion nnd the other ampoule had broken from excessive pressure, while the 
tinacidif ied camples had decomposed only 0.08 percent. A "blank" sample 
which contained no added MCI or HgO gave only 0.02 -per Cent decomposition 
(in agreement with Fig. 7). Thus, the addition of 1-weight percent HCl 
inoreaaee the percentage decomposition by a factor ef 30 over that for a 
sample containing an- equivalent amount of water, and a factor of 200 over 
that for the neat propellant-grade hydrazine. 

Because 1-weight percent HOI is 0;28 molar, the addition ef 1-pereeat 
HCl introduces about twice as many "protons" (Ngfi^) as does the addition 
ef 1-peroeat earbasie aeid. Sven- taking this- into account, it appears 
that HC l is more effective then earbasie acid in reducing the stability 
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of hydpaJsiRfl, Also, hydrazine sample* purified by different processes 
were used in the two series of experiments open whleh this comparison is 
based. If the Ngll,/ i8n ®hottld react synergistieblly with a trace 
impurity, the two samples of purified hydrazine might not bo equally hua- 
coptiblo to aeid catalysis, 

A Series of oxperimouts wos eonduetod at 128 C to determine the effect of 
1 weight percent Nll^Cl on the rate of decomposition of HPlrpurifiod hydra- 
zine. The addition of NIl^Cl should bo equivalent tt the addition of I1G1 
if tho ammonia whieh is added with the I1C1 (in NlI^Cl) does not affect the 
results, The equilibrium constant for the reaction: 

NHj 4 NgHj. + ;£ Nll 4 + + NgH^ favors NH^ + bocauso ammonia is more basic 
thou hydrazine but the high hydrazine concentration favors Ngl^ . Also, 
most of the ammonia will migrate to the vapor phase at reaction tempera- 
ture. It was reported erroneously in the Fifth Quarterly Progress Report, 
and elsewhere, that the Nli^ was pumped off during the degassing procedure. 
However, liquid nitrogen was used as the coolant during degassing rather 
than COg, so that the NHj was not removed. The Only experiments in which 
C0 o waS employed as the Coolant were conducted during the first two quar- 

m 

tere of the program. 

The percentage decomposition was followed as a function of time at 128 C. 
The results are presented in Fig. 12 . The addition of 1-percent NH^Cl 
(0.20 molar) increases the rate in the absence of a metal surface (passi- 
vated ampoules) by about a factor of 20. Comparing Fig. 10 and 12, 

NHj^Cl has a larger effect than carbazie acid in RPL purified hydrazine 
even if the difference in molar concentration is taken into account. 

This suggests that the carbazie acid may nov be completely ionized irt 
hydrazine. 


It may be seen from Pig. 12 that the effect of NH^Cl is much greater on the 
standard 321 stainless-steel surface than in the absence of a metal sur- 
face. The decomposition after 3 hours on 321 Stainless steel is increased 
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by about o (actor of- 1000 by tbe addition of 1-perecnt NU^Cl. The rate 
in the presence of the additive is increasing nearly porabolicfllly with 
time (slope equal to 2) indicating that all of the hydrazine would IlftVa 
decomposed in a few more hours. Comparing these rosults with tHose in 
Table 11, carbaziC acid is slightly more effective than NH^Cl in the 
presence Of the metal surface. 

The values measured for percent hydrogen in the noncondensable produet 
when 1 •‘percent NH^Cl was added were 0.8, 2*9, and VO in the absence of 
a metal surface,, and 1.3 and 0.8 in- the presence of the metal surface. 
Similarly, low amounts of hydrogen were produced with 1 percent added 
carbazic acid (metal surface). 

Some additional experiments with added NH^Cl are reported in later sec* 
tions of this report. 

ADDED AMMONIUM NITRATE 

Because hydrazinium nitrate,. N^H^NO^, is a component o-f some mixed- hydra- 
zine fuels, it was of interest to determine if added NH^NO^ gives effects 
similar to added NH 4 C1 (as was discussed for NH^Cl, the addition of 

is expected to be equivalent to the addition of Ngli^NO-^ or UNO^). 

It may be seen from Pig • ll that 1-. ©-percent added NH^NO^ (0.1-2 molar) 
increases the decomposition rate of the RPL-purified hydrazine on the 
standard 321 stainless steal but not to as great an extant as do WH^Gl 
and carbazic acid. Based upon the single data point at 3 hours, the 
rate appears to be increasing rapidly with hooting time (a fourth experi- 
ment not shown in Fig. 11 gave 0.021 ‘•percent decomposed at 0.3 hour. 

A series of experiments was conducted to determine the effect of added 
1-percent NH^NO^ on the thermal stability of propellant-grade hydrazine 
(L-104A). The results of these 128 C experiments sre shown in Table 11. 
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TABLE 11 

EFFECT OF l -PERCENT AMMONIUM NITRATE- (AN) ON STABILITY 
OF PROPELLANT -GRADE HYDRAZINE AT 128 C 


Heating 
T imo , 
hours 



0.020 

0.012 

0.022 

0.022 



•Standard 321 stainless-steel specimen with 1-cn^ surface 
area; valued have been corrected for reaction in absence 
of netal surface 


These data demonstrate that hydrnaine nitrate has little effect upon 
the rate- of hydrazine decomposition in glass ampoules (up. to 6 hour-c- 
heating time). However, in the presence of a passivated 321 stainless- 
steel surface, a considerable acceleration in rate is observed which 
becomes pronounced- at longer heating times. 

It thda appears that ammonium nitrate behaves as the other "acidic" 
impurities in that ita effect is dependent on the presence of a metal 
surface. The ammonium nitrate is somewhat differeht, however, in that 
it is leas effective at shorter heating times (in the presence of metal) 
but its effectiveness increased more rapidly than the other acidic impuri- 
ties at longer heating times. 

ADDED AMMONIUM CHLORIDE IN PRESENCE OF ADDED SOLUBLE COPPER 

It was shown previously in this report that the addition of GuClg to the 
BPL-purified hydrazine at a concentration Of 0.43 millinolar did not 
increase lie decomposition rate. These were 17-hour experiments at 1?1 C 
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ill passivated ampoules without metal specimens. Additional experiments 
were conducted under these same conditions to determine if aA acidic 
impurity would interact Synergisticaily with added soluble copper. The 
results are presented in Table 12 . 

TABLE 12 


EFFECT OF Tlffi SIMULTANEOUS ADDITION OF SOLUBLE COPPEB 
AND NH^Cl TO RPL-PUR1FIED HYDRAZINE AT 1?1 C 


Experiment 

No. 

Concentration 
of Capper, 
ppm 

Concentration 
of NH^Gl, 
PP“ 

Percent 

Hydrazine 

Decomposed 4 

920 

27 

— 

0.09 

921 

27 

— 

0.10 

922 

— 

117 

0.30 

923 

— 

11? 

0.11 

916 

27 

26 

0.21 

917 

2 1 

20 

0.16 

918 

27 

153 

0.17 

919 

27 

153 

0.20 


# 17-hour experiments 


Blank rates of 0.05 to 0.10 pereent decomposed are usually obtained under 
these conditions. There was considerable scatter in the results, but it 
appears that the added NH^Cl increased the rate slightly. Its effect was 
not enhanced by the addition of the CuClg. 

ADDED OXALIC ACID 

Oxalic acid (cOOii)g at concentrations of about 1 percent has been pro- 
posed for use as an electrolyte in hydrazine bo that it may be electro- 
lysed for propulsion purposes (Nef. 2d). It was of interest, therefore, 
to determine if this carboxyl id add is as detrimental toward thermal 
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stability as Is oftrbtelc sold. Experiments were conducted- at 128 C with 
propellant-grade hydrazine (L-1Q4B) to which bod been added 0, l-veigbt 
percont oxalic add (0,011 molar). The resulted Obtained in the presence 
of the Standard 321 Stainless-steel surface, are presented in- Table 13* 

TABLE 13 

EFFECT OF ADDED 0,1- PERCENT OKAttC ACID CD DECOMPOSITION RATE 
OF niOFELIANT- GRADE HYDRAZINE ON STANDARD 
321 STAINLESS STEEL AT 128 C 


Experiment 

Nc r 

Time, 

hours 

Percent 
Rydrazlne 
Dec osmosed 

Blank Percent 
Decomposed 

* 

976 

4 

2.9 

0.02 

977 

8 

4.8 

0.05 

978 

12 

2.9 

0*0? 

979 

24 

6.3 

0.10 


The average increase- in- the heterogeneous decomposition rate from the added 
acid hi a factor of 80, It may be eeen from, the last - eolwm Of Table 11 
that 0. 1- percent added oxalic -acid is more detrimental than 1-percent 
ammonium nitrate (at heating times of around 6 hours). Comparing, the data 
in Table 13 with Fig* 11, it may be seen that propellant- grade hydrazine 
containing 0, 1-pereent oxalic add decomposes slightly faster on 321 stain- 
less steel than dooa purified hydras ine which contains 0.12- percent carbazic 
acid. It should bo noted thot oxalic add contains two protons per swleeule. 

EFFECT OF HtOPELLANT PURITY 

Ab shewn by the following examples, the effect of adde on the homogeneous 
decomposition rate appears to decrease with decreasing purity of the hydra- 
sine; this Is in agreement with the postulate mentioned previously which 
states that tfcp effects of Impurities may not ho a linear function of concen- 
tration. In the absence of o metal surf see, tho addition of 0,2 pereent 
NH^Cl to the BaO-treatCd hydrazine increases tho rate by a factor of 20 
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(Fig. 16) while the addition of (MS percent- eorbazic aold to the distilled 
hydrdzine does not increase tho rate (Fig* 10-), The addition of 1 percent 
NH^Ci, carbazic acid, or HCl to purified hydrazine (distilled Or fractional 
crystallization) increases tho rate by factors of 3 to 50, while the addition 
of 1 percent NH^NO^ to propellant-grade hydrazine has no effect in the absence 
of a metal Surface (Table ll). Additional data are required to determine if 
this trend is real (or results frofli using different acidic materials in the 
various experiments) and to establish the importance of low concentrations 
of acidic impurities in determining thermal stability. 

EFFECT OF AMMONIUM CftLOfttDE ON SENSITIVITY 

Hydrazine is a high-energy compound which has the fortunate property of not 
propagating a detonation in the liquid phase* However, when the liquid is 
adulterated by the addition of an additive, extreme caution should be exer- 
cised until it has been established that the liquid has not become sensitive. 
This is always done when new mixed hydrazine fuels are formulated. 

Under a Bocketdyne Ht&D program, a detonation propagation test was conducted 
with propellant-grade hydrazine to which had been added- 5- percent ammonium 
chloride. The results indicate that this liquid- is borderline with respect 
to detonation propagation; the sample tube was completely fragmented, but 
the witness plate was not damaged. 

It thus appears that caution should he used whenever several percent of 
acidic additives are to ho introduced into hydrazine for any purpose. 
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I, INTRODUCTION 


This appendix provides a summary listing of physical property data 
which is available at JPL on elastomeric materials considered candidates 
for hydrazine system application. The sources of this data include numerous 
internal JPL memoranda reporting the results of specific tests usually run 
to evaluate the effect of some process Or environmental variable or to com- 
pare a critical property of two or more candidate materials. Therefore, 
the data does not constitute a systematic, consistent documentation of all the 
physical properties listed. Some of the data reports referred to do not in- 
clude all of the test parameters of interest, and followup queries are in 
process where such data is of general interest. 

II. PHYSICAL PROPERTY DATA* 


A, Permeability 

(1) Helium through EPT-10 (Q. 0686/0. 0723-in. -thick Sample; Source 
TBD) at 2 5°C and 49. 5 psid: 9-. 28 X 10-“ 4 cmVin. 2 -h-psid; 

i Q 

at 25 8 C and 25.0 psid; 9. 55 X 10 cm /in. -h-psid (Ref. 1). 

(2) Nitrogen through. EPT-10 (0. 0686/0. 0723-in. -thick sample; 
Source TBD) at 25°C and 74,0 paid; 1, 18 X 10 cm /in. -h- 

i A 1% 

psid; at 25*C and 44.0 psid: 1. 24 X 10’* ern/in. -h-psid 
(Ref. 1). 

(3) Hydrazine through EPT-10 (0. 0686/0. 0723-in. -thick sample; 
source TBD) at 25 4 C: <0.0003 mg/in. 2 -h (Ref. 1). 

(4) Hydrazine through EPT»10 (0.0091 -in. -thick sample made at 
Jf»L) at 25®C after 100*200 h: 0. 39 mg/h-in. 2 exposure to 
hydrazine (Ref. 2). 

(5) Hydrazine through EPT-10 (0.0070-in. -thick sample made at 
JPL and extracted with befizerte for 24 h in a Soxhlet extraction 
apparatus). 

(6) Hydrazine through AFE-102-(l) (O,O078-in, -thick sample; 
source TBD) at 25*C after 100*200 h: 1.04 mg/h/lh. 2 (Ref. 2). 

Herein, TBD = to be determined. 
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(?) Hydrazine through DuPont LD-2613 (0, 0072-in, -thick sample; 
lot TBD) at 25 8 C after 100-200- h; 0,004 mg/h/lft. 2 (Ref. 2). 

(8) Permeatioh phenomena (Ref, 3)-, 

(9) Hydrazine through copolymer of tetrafluoroethylenc and 
perfluorOvinylmethylether, unfilled (0. 030-in, -thick sample; 
sample size and source and test method TBD; Ref, 4), 

(10) Hydrazine through copolymer of tetrafluoroethylenc and 

perfluorovinylmethylether, filled (0, 028-in, -thick sample; 
sample details and source and test method TBD; Ref. 4), 

B, Swelling 

(1) EPT-10 in hydrazine and hydrazine/hydrazine nitrate after 

1, 2, 4, and 8 weeks (samples cut frdm bladder whose mandrel 
was removed by immersion in NaOH; Ref. 5). 

(2) Parker E513-8 in hydrazine and hydrazitte/hydrazine nitrate 
after 3 weeks (Ref. 6). 

C, Weight Change 

(1) EPT-10 in hydrazine and hydrazine/hydrazihe nitrate after 
1, 2, 4, and 8 weeks; also subsequent recovery (samples cut 
from bladder whose mandrel was removed by immersion in 
NaOH; Ref. 5). 

(2) Parker E515-8 in hydrazine and hydrazine/hydrazine nitrate 
after 3 weeks (Ref. 6). 

(3) Weight loss of EPT-10 upon vacuum drying after 168-h soak in 
hydrazine and 4-day wash in distilled water (Ref, 7). 

D, Hardness 

(1) Parker E515-8 before and after 3 weeks in hydrazine and 
hydrazine/hydrazine nitrate (Ref. 6). 

(2) EPT-10 exposed to gamma radiation (approximately 1 megarod) 
while immersed in N^H^; ho apparent effect on hardness (Ref, 8). 

(3) DuPont tetrafluoroethylenc perfluorovinylmethylether copolymer, 
with and without accelerator and 5% TFE filler, exposed to 
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gamma radiation (approximately 1 megarod) while immersed in 
N 2 H 4 j no apparent effect on hardness (Ref. 8). 

(4) Change in hardness of EPT-10 consequent with compression set 
testing in air, nitrogen, isopropyl alcohol, and hydrazine (Ref. 9). 

(5) Change in hardness of DuPont ECD-006 consequent with compres- 
sion set testing in hydrazine (Ref. 9). 

(6) Change in hardness of AFE-102 consequent with compression set 
testing in air, nitrogen, isopropyl alcohol, and hydrazine (Ref. 10). 

(?) Change in hardness of AFE-332 in air, nitrogen, Isopropyl 
alcohol, and hydrazine (whether -9 or -11 formulation TBDj 
Ref. 10). 

E. Propellant Decomposition Products 

Results after elevated temperature soak which was preceded by a 168-h 
ambient temperature soak and bath change; EPT-10 in hydrazine (samples 
prepared at Pressure Systems, Inc. , under Contract 952864; Ref. 7). 

F. Captured Volume Pressure Rise 

Results following 168-h ambient temperature Soak of EPT-10 in hydra- 
zine and pressure rise during subsequent elevated temperature soak 
(samples prepared at Pressure Systems, Inc. , under Contract 952864; Ref. 7). 

G. Extractable s 

Results of 168-h presoak followed by elevated temperature Soak of 
EPT-10 in hydrazine. Sulfur Was found in presoak hydrazine but none in 
soak hydrazine. Water and NVR (mostly silicon) Were found in the Soak 
hydrazine (samples prepared at Pressure Systems, Inc. , under Contract 
952864; Ref. 7). 

H. Mold Shrinkage 

Percent linear shrinkage from mold dimensions (Ref. 12): 

EPT-10 (material Compounded and molded at JPL with 4-h post- 
cure at 330 *F in Closed oven instead of the usual 4 h at 350 ®F in 
a forced air O/en; Unacceptable charring occurred at 350 *F): 

Before postcure -2. 80% 

After postcure -1.44% 
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DuPont LD-2614 (material cured aftd pasteured at JPL)j 
Before poatcure -1,94% 

After poatcure -6, 32% 

AFE-102-(1) (material compounded and molded at JPL): 

Before pOBteure -2, 10% 

After poatcure -2, 32% 

I. Strosa Relaxation 

(1) EPT-10 In nitrogen at 125 "C and In air at 125, 140, and 155°C; 

i at 10% elongation (Ref. 9). 

(2) EPT-10 in air at 125, 140, 155, 170, and 185°C; at 10% elon- 
gation; in nitrogen at 125 and 155 4 C; and in air at 125 and 155°C 
after being soaked in hydrazine for 30 or more days. Tempera- 
tures during hydrazine soak TBD (Ref. 10). 

(3) EPT-10 in dry nitrogen at 125, 155, 170, and 185 ®C; at 10% 
elongation; ih isopropyl alcohol at 12'5, 140, and 155 °C; and in 
air at 125, 140, 155, 170, and 185°C after being soaked in hydra 
zine. The soak time and temperatures TBD (Ref. 11). 

(4) AFE-102 in air at 125, 140, 155, and 170 4 C; at 10% elongation 
(Ref. 11). 

J . Compression . c s t 

(1) EPT-10 in air, nitrogen, isopropyl alcohol, and hydrazine; per 
AS I’M D-395, Method B (Ref. 9). 

(2) DuPont EC D- 006 in hydrazine (Ref. 9). 

(3) AFE-332 in air, nitrogen, isopropyl alcohol, and hydrazine; 
test method TBD (Ref. 10). 

(4) AFE-102 in air, nitrogen, isopropyl alcohol, and hydrazine; 
per ASTM D-391-6, Method B (Ref. 10). 

K. Density 

EPT-10 (material Compounded and molded at JPL with 4-h poStcure at 

330 # F in closed oven instead of the usual 4 h at 305 4 F in forced air overt; 
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unacceptable charring occurred at 350 e F): i.i4gm/cm 3 , DuPont LD-261 3 
(material cured and postered at JPL){ 2.03 gm/cm; AFE-102-O) (material 
compounded and molded at JPL)s 0. 983 gm/em 3 ; AFE-332 (material pre- 
pared at TRW): 1.08 gm/em 3 (Ref. 12), 

L. Tenallo Strength 

(li DuPont L.D-2613 at 22°C, per procedure of ASTM D-412-68, 

using O-ring samples, 20 In. /min crosshead speed in tho Instron 
tester (materials included samples prepared at JPL without filler 
from compound with no accelerator and from compound with 
accelerator, also samples prepared at JPL with various fillers 
from compound without accelerator and from compound with 
accelerator. Ref. 12, Table 2). 

(2) Similar to item (LI) above, except in hydrazine following immer- 
sion in hydrazine for 100 h at 70° C (Ref. 12, Table 3). 

(3) EPT-10 at 22®C, per procedure of ASTM D-412-68, using O-ring 
samples (materials compounded at JPL and Included two modifi- 
cations: one Was obtained by simply omitting the postcure; the 
other was obtained by substituting a peroxide cure for the Sulfur 
cure; Ref. 12, Table 31. 

(4) Same as item (L3) above, except in hydrazine following immer- 
sion in hydrazine for 100 h at 70 # C (Ref. 12, Table 3). 

(5) AFE-332 at 22®C, per procedure of ASTM D-412-68, using 
O-ring samples (samples prepared at TRW; Ref. 12, Table 3). 

(6) AFE-332 at 22 4 C, per procedure of ASTM D-412-68, using 
O-ring samples in hydrazine following immersion in hydrazine 
for 100 h at f0 # C (samples prepared at TRW; Ref. 12, Table 3). 

(7) AFE-102 at 22*C, per procedure of ASTM D-412-68, using 
O-ring samples (materials compounded at JPL and included a 
inodificatlon obtained by substitution of one filler constituent; 
Ref. 12, Table 3). 

(8) Same as Item (L7) above, except in hydrazlhe following immer- 
sion ift hydrazine for 100 h at 70 4 C (Ref. 12, Table 3), 
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(9) AFE-332 at 22*C, per procedure of ASTM D-412, using O-ring 

samples, following immersion in refluxing isopropyl alcohol for 
100 h at 82*C (Rof. 12, Table 4), 

(101 Same as item (L?) above, except followed Immersion in refluxlhg 
Isopropyl alcohol for 100 h at 82®C (Ref, 12, Table 4), 

(11) EPT-10 (not postcured) at 22 # G, per procedure of ASTM 
0-412-68, using G-ring aamnlcs, following Immersion In reflux- 
ing isopropyl alcohol for 100 h at 82 6 C; matorlal compounded at 
JPL (Ref. 12, Table 4). 

(12) Similar to item (Ll) above, except followed immersion in reflux- 
ing in isopropyl alcohol for 100 h at 82 4 C (Ref. 12, Table 4). 

(13) AFE-332 at 22, 48, and 79*C, per procedure of ASTM D-412-68, 
using O-ring samples (samples prepared at TRW; Ref. 12, 

Table 3). 

(14) AFE-102 at 22, 48, and 79*C, per procedure of ASTM D-412-68, 
using G-ring Samples (samples prepared at TRW; Ref. 12, 

Table 5). 

(15) AFE-102 at 22, 48, and 79 *C, per procedure of ASTM D-412-68, 
using O-ring samples (material Compounded at JPL; Ref. 12, 
Table 5). 

(16) EPT-10 at 22, 48, and 79*C, per procedure of ASTM D-412-68, 
Using O-ring samples (material Compounded at JPL; Ref. 12, 
Table 5). 

(17) Similar to item (Ll) above, except also at 48 and 79*C (Ref. 12, 
Table 5K 

M. Elongation at Break 

(l) DuPont LD-2613 at 22*0, per procedure of ASTM D-412-68, 

using O-ring samples, 20 in. /min CroSShead Speed in the IhStron 
tester (materials included samples prepared at JPL without 
filler from compound with no accelerator and from compound 
with accelerator, also samples prepared at JPL with various 
fillers from compound without accelerator and from compound 
with accelerator; Ref. 12, Table 2). 
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(2) Similar to Item (Ml) above, except in hydrazine following immer- 
sioi In hydrazine for 100 h at 70®G (Ref. 12, Table 3). 

(3) EPT-10 at 22®CS, per procedure of ASTM D-412-68, using O-ring 
samples (materials compounded at JFL and Included two modifi- 
cations! one was obtained by simply omitting the pestCuro; the 
other was obtained by substituting a peroxide cure for the sulfur 
cure} Ref. 12, Table 3). 

(4) Same as item (M3) above, except in hydrazine following immer- 
sion in hydrazine for 100 h at 70 # C (Ref. 12, Table 3). 

(5) AFE-332 at 22 # C, per procedure of ASTM D-412-68, using O-ring 
samples (samples prepared at TRW; Ref. 12, Table 3). 

(6) AFE-332 at 22®C, per procedure of ASTM D-412-68, using O-ring 
samples in hydrazine following immersion in hydrazine for 100 h 
at 70®C (samples prepared at TRW; Ref. 12, Table 3). 

(7) AFE*-l02 at 22®C, per procedure of ASTM D-412-68, using O-ring 
Samples (materials compounded at JFL and included a modifi- 
cation obtained by Substitution of One filler constituent; Ref. 12, 
Table 3). 

(8) Same as item (N7), except in hydrazine following immersion in 
hydrazine for 100 h at 70°C (Ref. 12, Table 3). 

(9) AFE*332 at 22 # C, per procedure of ASTM D-412-68, using O-ring 
samples, following immersion in refluxing isopropyl alcohol for 
1-00 h at 82 d C (Ref. 12, Table 4). 

(10) Same as item (M7) above, except followed immersion in refluxing 
isopropyl alcohol for 100 h at 82*C (Ref. 12, Table 4). 

(11) EPT-10 (not postcured) at 22*0, per procedure of ASTM 
D-412-68, Using O-ring samples, following immersion in reflux- 
ing isopropyl alcohol for 100 h at 82®C (material compounded at 
JPLj Ref. 12, Table 4). 

(12) Similar to (Nl) above, except followed immersion in refluxing 
isopropyl alcohol for 100 h at 82 ®C (Ref, 12, Table 4), 
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(13) AFE-332 at 22, 48, and 1 9*0, per procedure of ASTM D-412-68, 
using O-ring samples (samples prepared at TRW; Ref. 12, 

Table 5). 

(14) AFE-102 at 22, 48, and 79 6 C, per procedure of ASTM D-412-68, 
usihg O-ring samples (samples prepared at TRW; Ref. 12, 

Table 5). 

(15) AFE-102 at 22, 48, and ?9 # C, per procedure of ASTM D-412-68, 
using O-ring samples (material compounded at JPL; Ref. 12, 
Table 5). 

(16) EPT-10 at 22, 48, and 79 # C, per procedure of ASTM D-412-68, 
using O-ring samples (material compounded at JPL; Ref. 12, 
Table 5). 

(17) Similar to item (Ml) above, except also at 48 and 79 °C (Ref. 12, 
Table 5). 

N. Modulus 

(1) Modulus at 100% elongation: DuPont LD-2613 at 22°C, per 
procedure of ASTM D-412-68, using O-ring Samples, 20 in. /min 
crosshead speed in the Instron tester (materials included samples 
prepared at JPL without filler from compound with ho accelerator 
and from compound with accelerator, also samples prepared at 
JPL With various fillers from compound without accelerator and 
from compound with accelerator; Ref. 12, Table 2). 

(2) Similar to item (Nl) above, except in hydrafcine following immer- 
sion in hydrazine for 100 h at 70 6 C (Ref. 12, Table 3). 

(3) EPT-10 at 22 # C, per procedure Of ASTM D-412-68, using 
O-ring samples (materials compounded at JPL and included two 
modifications: one was obtained by Simply omitting the postcure; 
the Other was obtained by substituting a peroxide Cure for the 
sulfur cure; Ref, i2, Table 3). 

(4) Same as item (N3) above, except in hydrazine following immer- 
sion in hydrazine for 100 h at 70 # C (Ref. 12, Table 3). 

(5) AFE-332 at 22*C, per procedure of ASTM D-412-68, using 
O-rirtg samples (samples prepared at TRW; Ref. 12, Table 3). 
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(6) 

AFE-332 at 22 a C, per procedure of ASTM D-412-68, Using 
Q-rihg samples in hydrazine following immersion in hydrazine 
for 100 h at 70 a C (Ref. 12, Table 3). 


(7) 

AFE-102 at 22 a C, per procedure of ASTM D-412-68, using 
O-rlrtg samples (materials compounded at JPL and included a 
modification obtained by substitution of a filler ernstituont; 
Ref. 12, Table 3). 

! 

i 

(8) 

Same as item (N7) above, except in hydrazine following immer- 
sion in hydrazine for 100 h at 70 °C (Ref. 12, Table 3). 


(9) 

AFE-332 at 22 a C, per procedure of ASTM D-412-68, Using 

O-ring samples, following immersion in refluxing isopropyl ( 

alcohol for 100 h at 82 8 G (samples prepared at TRW; Ref. 12, i 

Table 4). 1 


(10) 

Same as item (b)7) above, except followed immersion in refluxing 
isopropyl alcohol for 100 h at 82 a C (Ref. 12, Table 4). 

- 

(U) 

EPT-10 (not postcureef) at 22 a C per procedure of ASTM 
D-412-68, Using O-ring samples, following immersion in reflux- 
ing isopropyl alcohol for 100' h at 82 °C (material cOmpoUi'.ded at 
JPL; Ref. 12, Table 4). 


(12) 

A 

Similar to item (Nl) above, except followed immersion in reflux- 
ing isopropyl alcohol for 100 h at 82 °C (Ref. 12, Table 4). ‘ 

I 

(13) 

AFE«-332 at 22, 48, and 79 a C, per procedure of ASTM D-412-68, 

> 

using O-ring samples (samples prepared at TRW; Ref. 12, 

Table 5). 


(14) 

AFE i -102 at 22, 48, and 79 a C, per procedure of ASTM D-412-68, 
using O-ring samples (samples prepared at TRW; Ref. 12, , 

Table 5). 

• 

(15) 

AFE-102 at 22, 48, and 79 'C, per procedure of ASTM D-412-68, 
using O-ring Samples (material compounded at JPL; Ref. 12, : 

Table 5). < 

j- 

- 

(16) 

EPT-10 at 22, 48, and 79 a C, per procedure of ASTM D-4i2-68, 
using O-ring samples (material compounded at JPL; Ref. 12, 

Table 5). s 
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(17) Similar to item (Nl) above except also at 48 and 79°C (Ref, 12, 
Table 5). 
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appendix d 

EPT-lO PROPERTIES AS A FUNCTION OF HYDRAZINE IMMERSION TIME 


The material presented in this appendix is taken from Technical 
Memorandum 101, Pressure Systems, Inc., Los Angeles, Calif., Mar. 31, 
1971. 
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RUBBER COMPOUND EPT-10 WITH HYDRAZINE 


Lon<> term hydrazine immersion tests are being conducted with ethylene 
propylene rubber compound EPT-10, The data contained in this report covers 
an exposure period of 1, 5 years. Since the test is being Conducted in 
Southern California, under ambient conditions, the mean test temperature 
has been approximately 65 # F with extremes ranging from 35 to 110 # F. The 
test began in September of 196$ and will continue for three years. 

Figures 1 and 2 contain data on selected properties. Each point repre- 
sents the mean of three values which were obtained from standard ASTM 
tensile samples. The data has been plotted on a semi-log scale to accentuate 
the short term aging where most of the changes occurred. 

Figure 1 shows that mechanical properties are affected more within the 
first two days than during any subsequent period. It is interesting to note 
that the elongation shows an increase while both the tensile strength and 100% 
modulus show initial drops followed by an increase which appears to stabilize 
at approximately 60 days. The increase in. elongation from 290' to 380% is, 
of course, desirable in diaphragm and bladder applications. Shore hardness 
values ranged from 75 to 80 with no trend. The latest value after l-l/2 
years was 77. 

Figure 2 describes the change in length and weight after hydrazine 
immersion. Again, the major changes occurred during the early phases with 
stabilization at approximately 100 days. 

The changes in properties are minimal and should not preclude the use 
of EFT-10 as a diaphragm material in hydrazine positive expulsion systems. 
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